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| AN ENGINEERING CONCEPT OF FLOW IN PIPES 
By CHARLES W. Haris, M . ASCE 


> 


Today enough is s known a about flow ir in pipes, both fundamentally and ex- 


perimentally, to form secure basis for consolidation. Holding the physical 
contacts and keeping the rational elements o open to inspection are the secrets of _ 
“safe advancement. 


Th The relations of smooth ; and rough | pipes, and of large and s small p pipes, are 


expressed by correlated equations rather ‘than by separate empirical 

formulas. As specific r¢ roughness coefficient, by which a surface may be desig- 


nated and which remains fix fixed for” extreme ‘ranges of diameter replaces a 
‘variable coefficient. An index of F pure turbulence i ‘ind icates | the velocity at 
which the friction factor becomes constant. formula for pipes is 


pee also for rough pipes under certain circumstances. Correlation 
is shown | between artificially prepared random roughness and a variety of 
commercial | pipes. es. A method is. furnished for distinguishing surface losses 


localized losses, thus « exposing the latter for corrective measures. All” 

the equations are related through simple algebraic ex expressions. < 


Int TRODUCTION 


The following facts and principles : are arranged to promote a cor rect er - 
and, in so fara as possible, a rational procedure, for computing maiedia in pipe lines. 


imply that, to select a friction factor, the viscosity of water went ‘always be | 

known. However, a few old traditions must be firmly set-aside. 

oh oo reader who is overéonscious of the meagerness of his | preparation in 


-hydraulies ; should not despair. It is the nature, not the extent, of the a 


work that counts. should see in the Chezy formula, V =C VR , the 
embodiment of simple physical meaning whether the omation is aa for 


Nore .—Written comments are invited for immediate publication; to insure publication the last dis- 
“cussion should be submitted by October 1,1949. 


Hydr. Eng., Univ. of Washington, Seattle, Wash. 
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FLOW IN PIPES- Papers 


velocity, as commonly found for open channels, or for lost head as H. Darcy' ; 
and Julius Weisbach® preferred for pipes. Hes should know that a constant 
coefficient in either case confirms the Newton principle | of similarity which 

_ demands the dissipation of energy in proportion to the kinetic energy involved, 

_ If he chances to be a mature engineer, he may find the article mainly cor: 
of his early” training, although a at times it may be sharply con. 

——_— to it. W hen n contrary to his training, it may still agree with his 

One who is well grounded in fluid mechanics should not p presume that the 

Tenouncing that subject when at times his interpretations are not 

conventional. Absence of logarithmic formulas for ‘resistance factors does. not 

: 4 imply that empirical links render them too inaccurate, but that a complicated 

- The agreement. of friction factors for partly - turbulent flow in a smooth and 
ina a rough ‘pipe should be emphasized, but ‘not to’ the extent of obscuring the 
equally important fact that extreme contrast exists between the two at, those 
higher velocities which | produce complete turbulence in a rough pipe. e. This 
condition applies to all fluids. - No one should feel secure in the knowledge of 
his limited field since this overlapping is so universal. 
An attempt is made herein to express the physical meahing in a simple 

manner, using only the mathematics with which the average reader is familiar. 


GENER ‘PRINCIPLES 


The of fluids through ; pipes has long been a closely 
_ organized combination of two distinct types of formulas—one rational and the 
other empirical. An efficient use of such a combined method requires keen 
ain: as to the nature of these ‘component parts. To ) make full use 
of the > rational aspects, one should observe that a fluid follows one or another | 
of three distinct modes of physical behavior depending on the circumstances. 

_ These three modes are revealed successively when the flow through a moderately ; 
rough pipe is changed from Zero to some high velocity. 
Roughness « does not ‘appreciably change the resistance in 

— flow w because 3 in this parabolic distribution there i is no velocity at the surface 
of contact. However, when the 1 velocity i is increased until the viscous drag 
_ along the wall becomes greater than the internal stability, the slightest | cross” 


exception of a thin heen layer ‘that still resists the sas of cross 

components. — This mixed © type of flow constitutes partial turbulence, the 
boundary layer still being nonturbulent. - Roughness here, also, does not 
materially change the resistance, since the roughness elements are 


A velocity is eventually reached at which the boundary layer has become — 
4 thinned to a negligible film and the shape of any roughness becomes exposed — 


2**Recherches expérimentales relatives au mouvement d’eau dans les tuyaux,’”’ by H. Darcy, Mallet- 


— _3**Principles of the Mechanics of Machinery and Engineering,” by Julius Weisbach, Ast American Ed, ' 
¥ edited by Walter R. Johnson, Lea and Blanchard, Philadelphia, Pa., 1848, Vol. 1, p. 391. 7 
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to the direct. ie of the moving fluid—the rougher the surface the lower er 
the necessary velocity | to establish this condition. The pattern of flo flow, once 
established by the topography of the solid boundary, ; remains s unchanged for all 
higher velocities and the friction factor remains essentially constant. — There’ 
may be a minor secondary influence of viscosity tending to render the pipe 
wall smoother; but with roughness elements v varying Ww idely i in size and shape 
this influence i is negligible at any one velocity. 
a Most | engineers who are familiar with the use of the Reynolds number do 
not care to use it simply to show ‘familiarity. ' They should re 
in it t the extent to which large | physical 
dimensions dwarf the influence of ‘TABL E Dara FROM 
cosity, and should review the f following 2-IN. STANDARD Buack PIPE 
facts: First, viscosity plays no part 
the loss of head the fully turbulent ‘Velocity, || Friction 
flow 1 most frequently encountered Per eee) 
moderately ‘rough pipes a and channels. = | 
Second, viscosity is the direct source of 0.0276 
loss in nonturbulent flow such as found yn 
in heavily viscous oils or even in water oaant 
0.0280 
models. Third, for small changes in 
viscosity in partly turbulent flow, a 0.0278 
given percentage of change i in viscosity 0.0277 
causes approximately o one fourth of that 0.0274 
percentage of change in lost head. For 
Reynolds numbers greater than 100,000 
the ratio is less than one fourth. An 
approximate Reynolds number for water 
at 55° F is 76,500 V D—in which V i is 


0.0274 
the velocity, i in feet per second; and Di o 
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0.0280 
the: diameter, i in feet. It should be) re- 
membered, however, that the viscosity 
of water is. doubled by lowering the 
temperature from 85° F to 37° a A thus 0.0915 
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oad A wing test 
of a moderately rusty 2-in. standard black: pipe. ‘The test specimen used for 
this expe experiment was 10.0 ft long with an average diameter of 2.039 in., preceded 
by another 10 ft of the same 2-in. pipe. Conditions during the test were 
kept as nearly constant as practicable, with the exception of the velocity 
which was varied by a gate valve placed : at a remote point. 7 Small — 
heads were measured w ith a tilting mirror gage developed for the purpose. 
~The ‘results are shown in Table 1. The symbol f, as usual, represents the 


friction factor to be applied through the Chezy principle by the cael -W on 
hy = form seeming to have returned permanently t to 
engineering professi on with its Tational em| embodiment of pure dynamic laws, 
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_ FLOW IN PIPES 


The expanded form of the Reynolds number is | —_—_ 


~ absolute viscosity (preferably in pound-seconds per square foot); and w is the 


Three Methods of Presenting the Same Data —tThe results of this test are 
plotted in in three forms for reasons that will become obvious. The graph shown 
in Fig. i is drawn to natural scale to indicate panne atone and thus ae 


Velocity in n Feet per Second 


Fic. 1.—Naturat-ScaLe Piorrine oF FROM Test ON 2 IN. 
STANDARD Buack Pipr, 5 YEARS IN SERVICE 


proper weight to the higher ° velocities w vhere the friction factor f remains con- 
aces Bi. his range in| which the pure law is undistorted by viscous resistance is 


than is suggested by the conventional logarithmic | chart. ‘Fig. 2 


‘is a ee plotting of the data show nin Fig. 1. ~ _ The distortion is too often 

. overlooked through a desire to magnify the smaller values. ‘The : same data | 

i are again shown in Fig. 3. This latter logarithmic plotting (loss of head with 

ee respect to velocity) i is a still ‘more dangerous ¢ expedient, particularly for ex- 

: trapolation - The small break i in ‘the line of turbulent flow near the midpoint 


4 straight, with a slope depending on | range - red. 


Ht Full Turbulence 


4 5 10,000 100,000 
Fic. 2 Data 1N Fic. Reynotps Numper Repuacine VELociry 


_ In general, any plotting of data that leaves obscured within the scale such 
: a wader law as that of Chezy dwarfs the features that should be emphasized. | 
- > reviewing old experiments, it should be noted that an excessive number — 


of low velocity readings have been recorded. _ These readings were readily 


= secured, | often to an abnormally low value, whereas those equally above the 7 
on needs were probably not attainable.- Had the data in Fig. 3 ended at AL 5 5 ft 7 


4 per sec, the error from producing the curve to 27 ft per sec would have been 
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The choice of one or another of the three forms of plotting i is one of emphasis, 
since the same facts are simply viewed : in different perspective. All these 
forms show that in the higher velocities the loss is proportional to the s square . of 
the velocity, that | is, the friction ion factor fis constant in in response t to the domi- 


- 


nantlaw. 


Velocit in Feet per Second 


SS 
SSS 


1a. | RITHMIC ScaLe VELociTy AND HEA Losr FoR Data OF Frc. 


- At intermediate velocities, where the loss responds in part to the major 
‘dyn: amic law and 1 in part | to the various influences of viscosity, the lost head 

does not ° vary with any constant p power of the velocity. — Itis customary and 
= to use the Chezy principle (the Darcy-Weisbach formula) here, however, 
since the loss varies more nearly w with the ‘square of the vleocity than with the 
first | power. : The ‘exponent shown in Fig. 3 is the common 1.75 in this middle 
range, which i is ‘equivalent to the value of f varying as the — 0.25 power of the 
velocity. ‘This exponent is known to apply only at the lower - Reynolds num- 
bers, and a more accurate formula will be given subsequently for all Reynolds ~ 
numbers, including those less than 100, 000. | eee 


velocities low enough for the Sow to remain nonturbulent, 
“daw i is replaced by an exact but entirely law. for ‘drop 


pressure, the Poiseuille formula is p = and, no 


fis : required, it is reg rettable that a fictitious fi is so often used ia deinen 
this correct formula. ‘The subterfuge, a method of including all velocities and 

7 their Tespective coefficients i in a single graph, serves mainly for detecting the 

change from nonturbulence to partial turbulence. The implication of physical 


4 meaning is quite misleading since this highly | variably f (where in reality there’ 


is no f) is simply the mathematical consequence of using a wrong formula. | 
Nonturbulent flow being independent of the roughness of the pipe, the Poiseuille 
_ formula i is a complete answer : and its range of ‘application is reasonably. defined. 
Although by providing local excitation one ‘may secure partial turbulence — 
factors at Reynolds numbers of 1,500 or less, under most circumstances the — 
lane is damped out as rapidly as it is produced with Reynolds a 


even greater than 2,000. . A Reynolds number of 2,000 is a a reasonable lower 
limit it of partial turbulence, however, since (for the the purpose of computing losses) 


In Fig. 2 there is no complex rising transition sometimes thonsht to be 
necessary for Reynolds numbers less than approximately 300,000, for this 
particular roughness. On the ¢ contrary a faint suggestion ofa dip persistently 


-Teveals itself in this natural pipe. 
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Pies Transition from Partial Turbulence to Pull Turbulence. —W rhen a there i re is 

7 plainable. 7 Friction | factors sin the v vicinity « of the change from partial iachelens 
to full turbulence m may y be somewhat above the constant f if the total resistance 
is the ‘result o of two or more segregated degrees of roughness, or is somewhat 
below the constant f if the surface i is roughened with a uniform size of elements. 


"Further explanation of the dip caused by uniformity of artificial roughness 


willappearlater, 
An illustration of the gradual transition caused by two degrees of roughness 
- ion are well separated in the same pipe appears in the results of the following . 
- “test . Unlike the effect of localized losses, which is to increase f an equal | 
amount at vir tually all velocities, this transition begins with the lowest velocity 
= t supports f full turbulence in in the rougher section. A 20-ft length | of 2-in. 
pipe: was tested throughout : a range of velocities with the results ; shown i in the 
7 _ middle line of Fig. 4. A decided transition was apparent. _ Thep pipe was then 
eut into two 10- ft sections and each section was tested separately. By chance, 
section proved much ‘rougher than the average of the entire pipe; the 
rougher section showing practically no ) transition. Had the separate friction 
factors for each pipe 2 been known, the | graph of the 20-ft length could have been | 


_ ‘made in advance of the test, since it is simply the mean of the two halves 
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25,0003 5 100,000 2 


Fia. 4. —Componenrs | oF TRANSITION ynom Panrtat Fou TURBULENCE 
IN 2-In. Naturat 

% It is important to note that these gradual transitions can be reproduced bya | 
: properly weighted average of the constant f of the rough part of a pipe and the © 
_ variable f of a perfectly smooth pipe. The two 10- ft lengths of pipe in the 
foregoing experiment were repeatedly tested together i in all combinations of 

- direction of flow and of connection one with the other, the graph of f remaining 
shown. This type of transition is New y iron 
_or steel pipe installed in the conventional manner may show its effect. The 

- general surface is smooth enough to remain in n partial turbulence at all ordinary 


velocities, but there are fully turbulent areas. 


INADEQUACY OF SoME Eanty M 


‘The physical implications ‘the Chezy formula ‘should ‘not be treated 
lightly by empirical methods. - Some « of the older formulas i ignore these ce rational — 
— features, with serious consequence. It is interesting to speculate as to w hat 


44 


might have been Darcy’ s final conclusion had his elaborate program not been 
. interrupted by his death in 1858, for he was in the midst of an intensive e study 
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of flow along prepared surfaces having artificial roughness 


His i. 


aie 
Bazin, was dominated by KE. Ganguillet and W. R. Kutter to 
tance J #luate the partly completed work, and neither of these 

eagerness physical ‘meaning i in n their 
ents, — No influence during the nineteenth century reacted more ow against 


clear thinking than did Kutter’s failure to distinguish between the two types of © - 
turbulent flow. Only his lower velocities or smaller conduits were in oan, 
turbulence; yet the data were averaged indiscriminately. ‘This weakness 
permitted such fallacies as that of the coefficient being always a f function of the 
slope, and that of the rate of change in the coefficient being independent of 
| relative roughness. ~ Robert Manning® removed the former fallacy but retained 
and emphasized, in his formula, the latter and more serious fault. Fortunately 
the use of these old formulas is becoming less prevalent for pipes. Theg growing _ 
: tendency to segregate coefficients into pipe coefficients, f, and channel the 
} cients, C, should be encouraged. ‘Using C only for open channels with the 
formula V = ‘ec VR s prevents such features as shape of cross section and 
wave action from marring the coefficients to be used for pipes. 
Bazin maintained® that. the coefficient C did not normally change with» 7 
- changing slope, a fact entirely consistent with a constant f for those surfaces 
and velocities that were pertinent to his field of. _application. There the 
principle dynamic similarity was undisturbed by viscosity. Despite its 
~ lack of dimensional consistency the Bs Bazin formula does supply Ww hat Manning’s 


been does not—a | greater percentage of change in coefficient for rough 


Weisbach,? being impatient with ‘theories, ‘was prone discourage any 

rational ‘approach unless quickly confirmed by ‘superficial experiment. His 
methods did not tend to explain why his f ° varied. Thus it is not surprising 
that in the half century following, a few were considered sufficient 


a xponent was at its zenith. — _ One small volume that found its way to almost 
every library shelf, “Hydraulic Tables” by Gardner 58. W illiams and Allen 


Hazen,* ‘Members, ASCE, was based on a fallacy that should have been: ap- 
parent at the: ‘time. A constant- -exponent formula was developed, selecting 
only the data from the smoothest pipes attainable, the exponent of V reducing: 
‘1.85. It w. was then assumed that all rough pipes would follow that same 
"exponential “law,” the coefficient depending only on the degree of roughness. 


a ae ‘A General Formula for the Uniform Flow of Water in Rivers and Other Channels,” by E. rene - 
qula and W. R. Kutter, translated by Rudolph Hering and J. C. Trautwine, Jr., John Wiley & Sons, Inc., 
-e. “On the Flow of Water in Open Channels and Pipes,’’ by Robert Manning, Transactions, Inst. of Civ. 

Engrs. of Ireland, Vol. 20, 1891, p. 161, and Vol. 24,1895, p.179, 0 
“Bude d’une Nouvelle Formule pour calculer le Debit des ‘Canaux D6couverts, by Bazin, 
Annales des Ponts et Chaussées, 4th Trimestre, 1897. 
7‘Das Ahnlichkeitsgesetz bei Reigungsvorgiingen,” von H. Physicalische Zeitachrift Vol. 


peep ‘Hydraulic Tables,” by Gardner S. Williams and Allen Hazen, John Wiley & Sons, Inc., New York 
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| 
Fig. 5 5 ‘illustrates the consequence. 7 The graph shows the formula . applied toa 


-9.63-in. pipe with Cy , equal to 90. The test points a are from an ‘experiment 
by Darcy on an old cast-iron pipe as as compiled by J. T. Fanning,® M. ASCE, and of Re 
made available in English. Although it is approximately correct for lost head 
at a velocity of 1.5 ft per sec, the formula with the same coefficient is 26% in B These 
error at 12.6 ft per sec. This is not. an isolated case. Fanning? published the 


suffici 
~ results of other tests that showed the same characteristic. _ The Chezy formula & the nc 


with a a constant f would have served these pipes with no » appreciable | error r at it is s 
fluid, 
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5.—FaILure oF WILLIAMS AND Formvuta For A Roveu Pires Trstep By Darcy 


_ ARTIFICIAL: Rovonvess Vensus Narunat, 


Uniform Sand Grains. —Attention has frequently been en called to the failure of 
experiments!” by J. Nikuradse on uniformly roughened pipes to conform to’ 
“experiments: on ordinary pipes. The cause and the meaning of this disagree 
_ ment are more apparent if one considers Nikuradse’s work as an intensive 
study of the several components of one average degree of roughness. . Acom- 4 
posite of all his experiments conforms reasonably Ww ell to the pattern found for 


a single natural surface of this a1 average ze roughness. 
__- The solid line of Fig. 6 shows Nikuradse’ 8 work reduced to one graph for : 
equal Reynolds m numbers. The dotted line i is his individual graph for approxi- 

mately that average degree of roughness. . The composite graph remains 7 

a within 3% of a constant 0.035 for all Reynolds numbers above 12 ,000. Niku- 
 radse’s- equivalent individual graph varies from 4% : above to 14% below 


al In this connection, one might examine a frequently quoted experiment by 


_E. W. Schoder and H. A. Gehring,” on a 2-in. rough pipe. It shows practi- 

cally a constant f of 0.034 for velocities ranging from 17 ft per sec to 4.6 ft per 

sec, well into the region of the Nikuradse dip; but, instead of a . dip, there is 


ia anegligible tendency torisen 
= The disagreement between random and “uniform roughness cannot be 


q 


“9 **Practical Treatise on Hydraulic and Water Supply Engineering,” by J. T. Fanning, D. ‘Van | Nos- 
— Co., 13th Ed., 1896, p. 240, Table 50, 
-_ 10 **Laws of Fluid Flow in Rough Pipes, ” Pt, 2, by J. Nikuradse, English translation in The The Petroleum 
Engineer, May, 1940, p.78, Fig. 6.00 
Flow of Water in Spiral Riveted and Ot! Other Pipes, ‘by E E. W. Schoder and H. A. Gehring, 
r Engineering Record, Vol. 58, 1908, No. 9, p. 240. _ as 
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avoided. a A dip in the graph mi must occur when all ‘elements requ require the sai same _ 
range of velocities for the minimum resistance factor that precedes their fixed 
pattern of flow. Itisa well-known fact that even spheres, i ina certain r , 
of Reynolds numbers, are streamlined by the viscous fluid, mainly behind 
them ; but it is not necessary | to visualize the influence of individual elements. 
These elements are all shielded by the boundary layer. until the velocity is 
sufficient to expose them. . The guiding boundary, as modeled crudely through 
the nonturbulent fluid, becomes rough enough to cause pure turbulence when 
it is still smoother then the solid wall itself. When stronger vortices of tur- 
bulence within the shielded depressions deplete the = 


fluid, the flow is controlled by the solid elements. The fixed pattern is thus. 
established and the friction 


10,000 60 100,000 200 400 600 ,000, 000 


Reynolds 


Fig. 6.—ONE UNIFORM Rovauness Vunsus THE AVERAG 


Since the tendency to dip occurs: at higher velocities for t the ele- 
wen, it follows that only w vhen many ‘roughness elements are of one size e does 

_ the dip become perceptible; and, since each size of roughness element con- 
tributes only a minor tendency, the integrated effect does not materially lower 

‘the graph. as a whole. Even if the lowering were appreciable, no correction — 
_ would be necessary, since the selected value must it in any case come e from a ma a 
natural pipe possessing that quality. 


_ The most logical procedure therefore is to assume the perfect dynamic ‘or 


Nikuradse Factors 


. h its horizontal graph, and to modify f only if a reason exists—rather 

~ than to supply ¢ some variable general function presumed to be required, and on a 
‘most occasions to reduce it to a constant. The constant f is a complete des- — 

-ignation of the e relative roughness of a pipe; so it would be unfortunate indeed 
if an artificial surface with a maximum depettens from the pt pure law should be 

ces as standard for comparing other surfaces that in general sho show no > such 


departure. 


_— Artifically Prepared Random Roughness.—To simulate the inside surface of a — 


present the same absolute ro roughness, the writer outlined an investigation based 
on ar artificial linings. The material selected was No. 20 sheet steel, on which was 
sprayed a uniform coating of stainless steel. Large sheets were prepared in 
this manner with | a controlled adjustment, and the various linings were cut — 
from these sheets. _ The lining for each of the five | pipes was annealed and 
formed by a special die 80 as to fit inside its ; respective s standard pipe. 7 For 
‘sizes of in., in., 1 n., and 2 i (iron pipe size before lining), brass pipe was 
for ‘the casing. in. size was made to fit 4-in. (inside diameter) 
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‘Shelby tubing. — The predominating length of lining was 2 ft and the total 
length of each test specimen was 60 diameters for the largest | ‘size, and 100 


"diameters or more for the other sizes, 


a. The characteristics of this surface were » entirely satisfactory : for the purpose, 


- The random nature of the roughness elements was sufficient to prevent most of 
- : the dip at the beginning « of full turbulence, the j-in., l-in., and 4-in. sizes 
showing substantially none. e. The fact that the r roughness was | well: distributed 
longitudinally along the pipe prevented a long transition . The results werein § 
close conformity with those for moderately rusty iron pipes. ~The surface 
was somewhat rougher than that of the smoothest rusty pipe, but ‘decidedly 


smoother than than the Schoder 2-i in. rough | ‘pipe. previously mentioned and even 
_ smoother than the rusty pipe e of Fig. .* > The results| taken from the 4-in. size 
a are sh shown in Fig. 7. The other four pipes showed approximately | the same 
characteristics. The probable deviation for an individual surface is 2.1%. , 
: This type of surface also serves to relieve the i impression that there i is merit in | a 
4 knowing the exact size or shape of the roughness particles. = oo rect 


‘Fra, -Ranpom Rovcunzss IN A In. 


In keeping with the nature of rough and ainiiasaii rough iron pipes, the 
change from ‘Partial to full turbulence came at substantially the 
= velocity for all diameters, when corrected 1 proportionately for viscosity. 

The breakaway with this sesttonine surface came at somewhat less than 4 {t per 
sec. This break w will be shown n to correlate with the roughness: coefficient. 


A Smooru Pipe AND Its PURPOSE 


The need for a 


oid 1ethod of finding the resistance to flow in ‘smooth 


pipes gained added emphasis through the fact that flow in a rough pipe con- i 
forms so closely to that same law within the 1 range of partial turbulence. A 


single formula for f, when properly adjusted for localized losses, thus serves for 
« all smooth pipes, and also for rough pipes if the — are less than the 

a. number of simple f formulas is available within a aioe range of Reynolds 
but the attempt to extend the range indefinitely by rationalizing asin 
some treatments has produced complexities. methods still 
include empirical ‘steps which prevent a purely rational interpretation. In 
‘respect, might. question the validity of assuming that an infinite 
Reynolds )humber w would be accompanied by a zero friction factor, since e this : 


assumption reacts against simplicity. - Consider the use of various fluids with 
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progressively decreasing The flow with ‘each higher 

number is of course more turbulent than with the preceding one, yet the layer 

of fluid in contact w with the wall is still interlocked mechanically with the 

‘molecular structure. The turbulent flow in contact with | either this boundary | 
F layer « or the surface itself furnishes the condition for impact without compen- 
‘sating reflection. The ‘resistance cannot therefore approach z zero with the 
approach of zero viscosity.  - similar conclusion is reached for those lange 

Reynolds numbers that result from large physical dimensions. | Since f is the 
loss of head (in terms of velocity head) that results from a length of pipe equal . 


to one diameter, the length approaches infinity in the same manner that. vol 


diameter approaches infinity. _ Thus the abstract f here also : approaches si a 


fluid attaches itself to the walls of thé pipe. 


should be reluctant to discard the the type. of formula 
recommended by | Charles H. Lees” (5 =A+ provided the e the 
and the other constants A and B are correct for the range. ithin 
the range: of "present knowledge (which extends up to a a Reynolds number 
equivalent to a velocity of 5 ft per sec in 4n 8-ft pipe), | the variable part of 
fj may be assumed to change inversely with the cube root of the Reynolds : 
number. Whether or not this condition extends to the theoretical limit ig - 
not pertinent to practical needs. The e important fact that this 
function i is correct throughout the usable r:; range and approaches 0.0061 asa limit. 


tle. The pipe was of 


In SMooTH E 


was weighed in a calibrated tank 
“scale an and the head was measured by a 4 


open columns of water and r mercury. ‘Velocity |Measured| Reynolds | Friction 


(ft per | head number, factor, 
The results are presented in Table ‘sec) | | R | 


. The Blasius. “ine” having been 7.05 1.55 105,000 | 0.0177 


sorepeatedly confirmed ata Reyn 30 | | 00152 | Mercury: 


number of 10,000, this one point wa Ba | 38 | 
retained “and the new 693,000 | 0.0124 


83.4 | 916,000| 0.0118 
accepted for ‘the ‘higher 1 Reynolds _ 69. 99. 99.3 1,040,000 | 0.0116 


W ith f=0. 0316 for a number of 10,000 and | the observed 


values of f taken from Table 2, 
a 


= advanta — ot from the standpoint of easy application is 
7 obvious, and the rational aspect may be more than implication ae air 


2 the Flow of Viscous Fluids Through Smooth Circular Pipes,” Charles H. ‘Lees, Proceedings, 
Royal Soc. of London, Series A, Vol. 91, 1915, p. 46. _<¢ — = 
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FL 
Even more important than ‘its discovery through a simple experiment, main 
however, is the agreement of Eq. 1 with other reliable data. Intersecting the facto 
Blasius line at a Reynolds number of 10,000, the graph follows closely below “with 
that line, recrossing it at 49 000. "Continuing throughout the data that sup- “nolds 
T. E. Stanton and J. R. Pannell,” ‘it agrees with T. B. Drew, E.C. Koo, cons 


and W. H. McAdams"* who included i in their study the > noteworthy experiments ‘a pi 
7 ‘on brass pipes by John R. Freeman, 1 ’ Past- President and Hon. M. ASCE, — It ‘resp 
also conforms to the Nikuradse up to 3,200, 000, within a normal 

- error of those points. — These facts are easily verified with greater refinement dian 


than ne necessary. «Ati is not more precise information that is needed, but a more a 
workable method of interpreting that already at hand. — (No comparison is 

made with the Nikuradse formula itself. To secure the small exponent of 

0 237 one must ignore the disagreement at low Reynolds numbers and assume 


> an agreement, at ‘points beyond physical verification, with a formula that Ri 

- makes f ‘approach zero with the approach of an infinite Reynolds 1 number, , 

a When reaching beyond the range already examined, it would seem unwise to sult 

sacrifice expediency and to retain a feature even mildly against safety. ) i. “ 
= In addition to the obvious purpose of Eq. 1 for smooth pipes and for partly : 


‘turbulent flow i rough its also the stem from which 1 


% Fig. 9. there is a transition, the leenetiiens point can ie located more def. spe 
i, nitely by extending | the horizontal line back from the higher velocities where dia 
A - itis firmly established. - This point on on the graph of smooth p pipes thus marks be 
; the division point between partial turbulence and pure turbulence of a rough - 
= 

Solving for the Reynolds number in Eq. 1, and knowing that ‘complete. 
a 7 ~ turbulence i is indicated by the ) appearance of a constant factor, one finds the lm 
Reynolds number R, at which pure turbulence is 
in w hich fi is the constant f for full turbulence. 
A ‘method of correlating pipes n made of ‘the same material, and thus of 
evaluating the influence of relative roughness, is furnished through the fact ‘ 
that the excitation for f full turbulence depends « on the size and the shape of the 7 
pattern of roughness rather than on the diameter of the | pipe. oe Eq. 1 is based P 
on the pipe diameter, whereas the break to full turbulence responds to the , 
Reynolds 1 number of the pattern. _ Hence, no no numerical value is required | for | 
this. Reynolds number of the pattern. The « only essential fact is that it re- ‘ 
= 13 ‘‘Similarity of Motion in Relation to the Surface Friction of Fluids,’”’ by T. E. Stanton and J. R.— . { 

Pannell, Philosophical Transactions, Royal Soc. of London, Series A, Vol. 214,1914,p.199. 
tra Friction Factor for Clean Round Pipes,” by T. ‘iB. E. C. Koo, and Ww. McAdams, 
Transactions, A. I. C. E., Vol. XXVIII, 1932, p. 56. 


i 15 ‘Experiments Upon the Flow of Water in i and Fipe I Fittings Made at en, New Hampshire, 


June 28 to October 22, 1892,” by John R. Freeman, A. 8. M. E., New York, N. Y., 1941, p. 83. 


‘‘Gesetzmissigkeiten der turbulenten Strémung in Rohren,” by J. Nikuradse, Forschungsheft, 


Verein Deutscher Ingenieure, 356, September—October, 1932, p. 30, Table 9. 
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mains constant with changing diameter. _ Therefore, with tl the constant friction 
factor known for one diameter, the corresponding factor for. any other diameter 


low ff with this same pattern of roughness can be taken from Eq. 2, but with a Rey- 
sup- ff nolds number of the pipe in proportion to the diameter. _ Accordingly, if if the 
Koo, friction factor fi is known for 

ents a pipe whose diameter is D,, the cor- “TABLE 3.—Test ‘DATA FROM 
It responding value of fz for a pipe w hose Pipes with Sprayep 

(a) Diameter D = 0.294 In. 

that = an expression re 
ber. fi — 0.0061 , 18 | 0.0360. 
eto sults which is independent o of the ‘the Rey- 0.0148 
nolds number: f2 = 0061 
lefi- roughness coefficient for a unit i 
nere diameter of 1 ft, the foregoing formula 454 | 13 | 0.0282 | 0.0140: 
0.0061 + 0.0247 | 
0.0246 | 
in which D is the diameter, in feet; and | 0.0247 | 
| 0.0248 


: 
f is the friction factor to. be used with 0.0247 | 0.0142 
‘that diameter. test of any size of pipe 
having: a given character of ‘surface re- D = 1.955 In. 


veals the s same value of fi. 


of “the Specific Roughness Co- 36.6 { 0.0232 
efficient. — —Although no experiments on od 45.9 0.0233 
50.6 0.0234 
rough pipes were required in the deri- | 
44.9 20 0.0228 | 
yation of any of the foregoing formulas, 47.6 0.0232 0.0154 
quantitative values of f; must be derived 
from tests made on actual surfaces. D = 3.898 IN, 
For data see Fig. 0.0145 
efficient for the five pipes having the 
‘Sac for fiv J 5 
“surface 1 metallized with a spray of stain- 
less steel was 0.0146, as given in Table 3. 
higher velocities only, are shown in. ‘Fig. The graph is by 


Eq. 3 and gives the friction factors for all pipes made with that same interior | 


r ‘The identification of this surface by its specific roughness coefficient i is" 
further illustrated in Fig. 9. a The horizontal line indicates the average of the 
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foregoing five roughness coefficients. The points are the individual As 

specific coefficients computed from fifty-three observations, | ten or more re on 

4 each of the | four larger pipes. (The Tespective diameters were 0.541 in., 0. vid 00 

-in., 1.955 in., and 3.899 in. F low i in 1 the fifth pipe with a diameter of 0. 294 j in, = 

Reynolds number of 6,000.) 

‘All velocities were adjusted the 

to a temperature of 55°F, ful 
4 making the velocity for full of 

3 turbulence equal to 3.5 ft 

Bec. The inclined line is ™ 

computed by Eq. lforsmooth 2° 

roughness coefficient, as com- 

puted by Eq. 3 for Niku. § 

In the formula for f, change d to D) his pipes, is 0. 0.0152. Th These 

three points, as shown in the 

ee 


lower line of Fig. 10, fall reasonably on the graph. Nikuradse’s experiments | 
with 1 the largest sand grains reveal the average ‘specific coefficient of 0. 0277 | 
shown in the upper liné. The effective diameter of the smallest pipe when 
a used with the largest sand grains is sensitive to the size of roughness part ticles, 
| q To assume a section of. average a area rather than : a clear opening, in the extreme 
limit, may result in a negative sectional area for a positive diameter. If the 
radius were assumed smaller by even one fourth of the diameter of the sand 


grains, that point w vould ‘bea lowered. 


@ 3.898 Diam. 
© 1.955 Diam. 
© 0.976 Diam. 
0.541 Diam. 


Specific Coe 


0 
f 
| 


in Feet per Second 


VELocriTIes as UsEp IN Fia. 


The Index of Full Turbulence —Solving E Eq. 2 for the V: that is s embodied i in 


of of Eq. , one fi finds the index ‘velocity for full 


| 
| 
| 
| 
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vidual & AS usual v is the kinematic viscosity. obtained by dividing the abso lute viscosity 
ore on fp # by the mass density y w/g. (The kinematic viscosity of of water at 55°F is 


0. 976 0.00001307 sq ft per sec. 
294 in, the rou ghness: coefficient fi is the same the diameter 


— 


from which it is the 


the conditions for incipient 


55°F, ‘full turbulence i is independent a 


or full of the diameter . This point 


is even more stable than the 005 


is: critical point that: indicates 


low a 
5 ,000.) index velocity V; that fulfils ime’ 


mooth  2onturbulence. Thevelocity 
«marked by the intersection 3 


ecific of graphs in Fig. 9 can be 
computed by Eq. 4 using the 
Niku- average specific roughness 
coefficient. Its correlation 


grains 

ree of the observed points: 

These should be noted. Whenap- ass 
in the plying Eq. 4 one should make 
ments certain, of course, that 

0.0277 ‘roughness factors do not 


when ‘lude localized losses 
ticles, Although Fig. 17 will be 


10. THREE PIPES WITH Two Sizes oF 
Ifthe Tough pipes at velocities 


above V, where friction factors are independent of velocity or queen, it 
could be used in comparing pipes at the same velocity whether they are rough 
* smooth. The specific coefficients in Fig. 9 for example were all adjusted to 


—adiameter of 1 ft by Eq. 3 whether they were the constant roughness factors of 


> sand 


- latter: points s according to the e velocity instead of the Reynolds n number keeps 
them on the inclined graph because of the relation of Eqs. 3 and 1. . When 

adjusting for a significant temperature ¢ difference observe that the velocity at 
which these variable friction factors are correct is in proportion to the: viscosity. : 

«if Vis greater than the highest: velocity ever to be used for pipes with 

“some particular surface, those pipes act as smooth pipes, , and making them 
_ smoother will not increase the flow. . The friction factor should then be taken 
directly from the / smooth pipe formula. | On the other h hand, in» very rough 
pipes, Ve is often so small that partial turbulence ceases to be a significant 
feature. If there is a question, try both methods and select the e larger value of f. 


- joints are included. 7 The irregularity of manufacture and of placement makes 
this condition a severe test of a specific roughness coefficient. A series of 
experiments at the University of Iowa!’ at Iowa City serves to indicate the 


= 

_ 2’ ‘The Flow of Water in Drain Tile,” by D. L. Yarnell and Sherman M. Woodward, Bulletin No. — 

U.8.D. A., Washington, D.C.,1920,p.1. 


5 Concrete drain tile presents a rough surface, particularly when the open 


full turbulence or the variable factors in partial turbulence. | _ Plotting dl 
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4 onthe in this extreme case. Fig. 11s] shows the six friction factors measured 
for diameters of 4 in. to 12 in., inclusive, : for velocities above the index for the | 
"surface alone. The graph is computed by. Eq. 3 using the average of their 
specific roughness | coefficients. The probable | deviation for a pipe s selected 
at random, even with all its crudity, is less than 7%. eae 
—The 
laws that control f being of 
universal application | for 
modelsin general, the identi- 
fication of a cation by its 
_ breaking away from the i ine 


of viscosity is sup- 


| 


plied by Eq. 1, and therefore 


may be widely extended by 
Diameter i in Inches Eq. 3. Concrete pipes 
q p 


u Drain furnish an example ofa large 
ten range of diameters, | 


ndende the same nature of surface. In 1920 an exhaustive | study of 
these pipes was reported by the United States Department of Agriculture. 
Nine. years later Fred C . Scobey, M. ASCE, gave a digest of these findings 
for the American Water Works Association.!® The pipes in this latter report _ | 


| 


* old Diameter i in Inches 


12. —Coxcrers Pree 
are included in the following study except those described as probably contain 1 
ing deposits of sand or vegetable growth, Short reaches questioned in the 


ia jointed pipes less than 3 ft in diameter, and one old test by F anning, — 


having an insufficient description. 
18 **The Flow of Water i in Concrete Pipe,” Fred C. 852, U.S. D. A., Washington, 
.C., 1924, p.95. 


1929, Pp. 


19 “Coefficients of Flow i in Pipe,” Fred C. Scobey, , Journal, A. Ww. W.A 
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assur 
for Scobey found the ‘exponent of. to be substantially 2. By accepting 


f their this perfect square, one accepts a a constant f for anes and classifies the 
elected data as coming from pipes in pure turbulence. * a a 
The average specific roughness coefficient for these typical « concrete pipes is 
—The 0.0171 + 0.0002. ‘Fig. 12 shows the graph for this specific ‘roughness. 
eing of solid circles indicate cement lined pipe. oe The general agreement of the points 
n- for with respect to the graph (the shape of which comes from Eq. 3) indicates the 
identi. reliability of the data and of the method. Semilogarithmic plotting is used in 
by its. Fig. 12 because the ratio of diameters is more ieupertant than their actual 
magnitudes. 


the in- 


-_ The pipes included i in this ; study do not nenniite represent materials and 

workmanship yet to be developed. |. They ar are chosen as typical examples to illus- 


- trate e the u use of a single specific. roughness coefficient for all pipes of a given 


i It is well to note again why Kutter’ ‘oni is larger for the larger pipes, = 


much as m was conceived to be a factor remaining constant for all diameters. 
The formula, by making substantially the same percentage of correction for 
‘relative ‘roughness whether the pipe be rough | or smooth, overcorrects even 

these modgrately smooth pipes. The result. of this defect has usually been 
. explained away by assuming the larger | pipes to be actually rougher, an as- 


sumption generally contrary to fact. - ‘Bz C. Finkle has stated that the proper 

mn for a 50- in. concrete pipe is 10% greater than that for an 18-in. pipe-of the 

‘same workmanship. — This 10% increase in n is no small matter. If applied 

_ to one of two pipes of the same diameter, it would mark that one for — 

mately 20% more loss. The variation of n being i in reverse also leads to the 

erroneous conclusion that the larger a pipe is made the greater its roughness 

becomes. Kutter’ s formula serves no useful purpose ; for smooth surfaces, not 
even for concrete pipes. | ‘The n in this example varies as much as the C which 
it is supposed to correct. The ‘Manning fo formula has this same characteristic. 
Analysis with Eqs. Zand: 
} shows that the placing of 
concrete pipes in the cate- 
gory of full turbulence is . 

justified. At ordinary tem- 
peratures with a specific 
Toughness of 0.0173, the in- 
dex ‘velocity V.from | Eq. 4is 
approximately 1.6 ft per sec. 


10,000 00 
—W hen applying Eq. 13.—TuE Errecr OF AN OBSTRUCTION AT THE 


it should be observed that 


— losses resulting from “obstructions or defects so widely separated as to act 


individually do not affect the index velocity. _ Friction factors as reported are 
hot always free from such influence. Since these localized losses usually v: vary 
with | the square of the velocity, they a adda constant amount (natural numbers, 


‘not logarithmic) to the value of f whether the flow be partly turbulent or fully 


: turbulent. The aeueenaee graph should not be confused with a real transition P 
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: es Fig. 13 shows the effect o of an obstruction a at the » midpoint of a2 2-in. pipe 20 


Diameter i in Inches 
at which unpainted s steel 


Fie. 14. —STEEL Pirz, 25 


tuberculated when exposed to water with | various chemical impurities 1 is 


a beyond ti the ‘Scope 0 of this paper; but an impression of what may occur in 25 7 
- years can be obtained from a description by Charles H. Capen,?? 20 M. ASCE, in 
1941. Four pipes described | _by Mr. Capen, are: : The 42-in. Pequannock 
Trends in Coefficients of Large Pressure Pipes,” by Charles H. Capen, J A.W. W.A., An January, 


May, 
resulting from two or more degrees of roughness acting separately i in the same Badu 


ft long. _ The lower line is the graph of the pipe before the obstruction was imegu 


introduced. The upper line is the result of a partly closed standard gate relat 
va lve at this midsection: The important fact is that the surface loss remained & * loss 

The average specific roughness coefficient for the five bell- -jointed pipes, diam 
_ shown by plain n open circles in cheat 12, is 0.033. This value is ; approximately MW 
&g double that | for continuous pipe. The index velocity however, responds same 
nearly to the surface roughness. This fact is confirmed by the higher one | 
_ _ values of f found below that velocity. The data on the drain tile previously local 
7 mentioned include more low velocities and therefore show more definitely that sim] 
-_ the point of change corresponds to the ‘specific roughness coefficient of « con leng 
pipes, lil 
Old cast-iron pipes that have become tuberculated large, , widly 
f ‘spaced blisters fall in the oie of pipes with localized losses and should not lon 
- be be analyzed by Eq. 4 until a reasonable estimate of these losses has been made wh 
4 and the friction factors reduced by that amount; but, since these old pipes evi 
“operate so predominately in full turbulence, is not so important. wit 
New Iron . Pipes —Black i iron or steel pipes are usually listed under the old 0 

‘name, “wrought iron. o Until these pipes have rusted, the friction factor for B tie 
s greater part of the surface i is 1 the e same as that , for al any other smooth pipe; a 

o but with ordinary defects of manufacture, including roughness along a welded BF ex 
7 _ z there is generally an appreciable area rough enough to be in full turbulence. he 
The net result, , therefore, is a long transition resulting from two two separate degrees J of 
4 os 4 The experiments by: Mr. Freeman™ show a wide variety of surfaces in the new ti 
iron pipes of an early | period. Despite this s variation, his measured results can be | ‘ 
secured i by supplying approximately three fourths of the length with the smooth . P 
pipe the remaining length with a specific roughness coefficient. 

we | to have a smoother surface as | 

. Bae it is to keep a larger per > 

iw surface and the prevention of 


— | 
ij ‘ 
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conduit No. 2, the 48-in. Pequannock conduit No. ‘ the 48- in, Pequannock 
conduit No. 2, and the 72-in. Rockaway conduit No. i Fig. 14 shows the 
friction factors of these pipes, interpolated for the age of 25 years. — ‘They exhibit 
imegularity, even for r the two pipes of the same size, but clearly indicate a cor- 
d gate relation with diameter. ‘The specific roughness coefficient is 0.0617, indicating 
mained a loss of head approximately two and a half times that in a concrete pipe. 
ad Much of the indicated ‘ ‘roughness”” may result from neglecting the change i in 
“pipes, diameter caused by internal surface deposits. 


mately WwW ood Stave Pipes —Wood staves present: a surface that is reasonably no 


sponds same for a wide range of diameters; but contradictions i in published data ¢ cause 
higher — one to hesitate i in drawing general conclusions. Fortunately the presence ofa : 


viously localized loss does not change the | general shape. or the slope of the graph but a 


y that - simply lifts the graph to a higher level. - When a small percentage of the 
f con- length is i in n partial turbulence, | the otherwise horizontal graph inclines only * 
slightly; so an approximate analysis is possible. 


widely 
ld not 
made 
Pipes 
old 
or for 


long | life was furthered by placing too ) great emphasis low 
| where considerable roughness makes no difference. T here is s unmistakable 


evidence that a specific roughness coefficient develops in wood stave pipes 
within afew months. With an approximate value of 0. 0151 in mind one should 
an not ‘expect any considerable departure from smooth pipe > coefficients at veloci- 


- ties less than 3 ft per sec (3.08 ft per sec at 55° a ia 


pipe; fa, _ Examination of the data compiled by Mr. Scobey” in 1 determining his 
elded formula reveals, among « other things, the ill effect of vertical and 

lence. horizontal curves in sequence in continuous stave pipes, as well as the ill 

al “eect of poor alinement in jointed pipes. — Since these and other defects are so 

= — often: present, there should be added to the coefficient for either partial or full © 

cod | turbulence an amount that 1 may exceed 0.008. . There are deviations from ‘this 

wee value but it would seem unwise to cover poor workmanship | or the effect of of a 

‘ent, disintegrated surface by a sweeping factor of safety. 

<i. ti: Open Channels in Relation to Closed Pipes —In the foregoing treatment of - 
a flow in pipes, all equations are referred to the diameter. a Hydraulic radius is . 
noi not used. for pipes because it is an unsatisfactory correlating 1 factor. — For 

iG example, it is common know ledge that even a semicircular flume | does ‘not 

y of correspond to half of a closed pipe of that size. 


tant : made by the well-known ‘relationship between the Darey- Weisbach f and the 


The identity of the equations, hy = f and V=C VR Re, , is tatoo 


Adaptation to open. channels, in so far as pipes and channels agree, can be -? 


overlooked equation C C= a means of conversion. 
95 Although this paper is not one in whitch to expand the subject of open chan-— 
“nels, the writer will not refrain from sugges ting the use of a specific channel 
ec: nt view of Water in Wood-Stave Pipe,” by Fred C. Scobey, Bulletin No. 376, U.S.D.A., -— ax. 
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IPES AND FOR OTHER Pipes IN Partts 
upper caption change v and d to V ar 


6 
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cient Ci: and, other things being equal, the flow is proportional to it. 
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for a a given surface is the Chezy C to the 
friction factor for a 48-in. pipe having that same surface. Of course, the Ci 
should be found | by measurements on open channels, i in which c# case the error of 


- 


reduction t to round pipes i is s avoided. _Each surface has its own channel coeffi- 


‘Diagrams ¥ FOR on SmoorH AND Roven Pires 


of applying the foregoing treatment i is in the 
followi ing diagrams. Pipes fall into two categories: (1) Smooth pipes, or rough 
pipes below the index of pure turbulence; and (2) rough pipes in pure turbulence. 

Smooth Pipes. —The graph of Bq. 1 in: Fig. 15 serves all smooth pipes and 


all fluids w oil, air, water, ete. The upper seale 

of VDisa convenience for use with | water only. 1 It reads directly for Ww ater 


at 55° F, F, and can be : adjusted for other. temperatures. by shifting the upper 

grid ; an amount and direction indicated by the temperature sc ale shown on 

thechart, 
— 

Rough Pipes. — ith velocities less t than the index velocity Vi, as taken | 


Fig. . 16, rough | pipes require the s same coefficients ‘shown for smooth pipes. | 


They are accordingly s calized loss is added. 


A surface with roughness distributed me of itself produce 
locities greater than V; de- 4 
pend only on the diameter 
coefficient of the surface. |__| 
‘With these known ,thedee 
sired constant friction factor =) 0.020 
found in Fig. ‘17. This 
case covers a broad field of ¢ 


specific roughness coefficient i is generally adopted for future years. 


civil | engineering in which 


0.010 
the OT 0.2 0.30.4 2 
friction factor is not Velocity 


Fig, 16. —INFLUENCE OF or WATER ON 
 Loerry Propvucine Foun 


influenced by velocity” or 
_ viscosity. This field i is 


rolling g velocity for designing pipe line is its highest velocity; the 


‘1. Making the interval between horizontal lin 


= 


coefficient based on the hydraulic radius of 1 ft. The simple mathematics : a 

| shown herein, when accompanied by a “‘shape factor,” furnishes the method of ae “ee 

application. With each surface identified by its specific coefficient, the need 

4 

& 

_ 

a 

_ A possible type of diagram that would include both rough pipes and smooth co. 4 

pipes could be prepared by superimposing the horizontal lines 3 on the 


the change in friction factors. caused _ by successively doubling | the diameter 
would give a diagram similar to the one usually shown for the Nikuradse e data, ‘: 


No oe information would be r req 
Tough pipes. Experiments would only be 


specific surfaces. ‘The dip would naturally be lacking, | as it should be be > for 


ired in making this diagram for 


necessary to make it applicable aa 


random roughness. ~ Such a method implies : a need for a linear measure of the 


5 roughness pattern, and si suggests the finding of a a | Reynolds number whether it 
is pertinent o or not. —«dAti is ‘simpler to depend « ona a friction factor measured for 


one diameter, to 


7? 

0 


— 


ed by relative diameters, as in Fig. 17. e : 
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Specific Coefficients for Pipes: —The specific coefficient 


#' being the constant friction factor for a 


1- ft pipe, may be found from ex- 


a: on a pipe of any diameter by Fig. 17 or by Eq. 3. ‘Material and 


4 workmanship will follow the trend of the time times, and better measurements in 


the! field will strengthen the: accumulated data. In the meantime, the following 


typical examples will aid i in securing a reasonable design: 


— 
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FLOW IN PIPES 


Me tallized stainless steel in the 0.0146 «3.5 


Wood stave pipe, old surface. (3.00 
Concrete pipe, continuous; also ¢ cement lined 


Wood stave pipe, 
vertical curves, and jointed ‘Pipe 


Cast-iron pipe, average for permanent city mains 0. 028 
Concrete, pipe, 24 in. and under, bell jointed. .. .. 0. 


(In items 6 and 7, the turbulence index scdmataes to. the surface roughness, 


REMARKS” 


— The rational aspects of flow in pipes deserve m more confidence than has 


been by the relation of topics by the chrono- 
- logical order in which the factual material has appeared in print. _ Any simplifi- 
cation has come from adhering closely to the basic phy sical laws rather than 
from attempting to circumvent those laws. by individual experiments. Much 


of the complexity that so often ceoewien from meticulously ‘ning too narrow | 
a field can thus be avoided. 
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PHOTOGRAMMETRY, P POSTWAR | 


BY LEON T ‘T. ELIEL? 


World ‘War and | only achieved a pore “minor acceptance ‘among 


in general. The war gave such a spectacular ¢ demonstration of the 
many a applications of aerial photography and photogr ammetry that engineers 


-everyw here have g ae to Leena these new tools as something very p practical — 
and ready for immediate use in their "problems. hie paper concerns the 
status of the art of aerial photography and photogrammetry : as influenced by 


wartime experience. 


1941 the aerial cameras used during the war already been developed 
to a large extent. The only thing that the war did was to take some of these 
“cameras and apply them in a new way. Photogrammetric methods also wi 
been producing contour maps successfully it in the United States for a period of 
more than ten years. - Although acceptance was far from universal, many 

_ engineers had used the photogr ammetric | contour map for topography in dam © 
design, _Teservoir ‘studies, highway location, problems, Pipe | 


» _ The Tennessee Valley Authority (TVA) was the e first agency 0 of the federal 
government to foster photogrammetric topography o on an extensive scale, be- 
ginning in 1937. The Geological Survey (United States Department of the 
Interior) was using ‘the photogrammetric method for producing a substantial 

part, of its total topographic program by (1941. The Coast and Geodetic 
Survey (U nited States Department of Commerce), the Forest Service (United 
States: Department of Agriculture), the Engineer Department (United States 
Amny), the Soil Conservation Service (United States Department of Agri- 


culture), and the Hydrographic Office (United States Navy) were all making 
extensive use of the new methods. © 


di _ —Written comments are invited for immediate publ 
iecussion should be submitted by October 1, 1949. 
Vice-Pres., Fairchild Aerial Surveys, Inc., Los Calif. 
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_ Considerable experimentation had been made j in color prior 1 to WwW orld War, 
OT, II, and color had developed to a point where 1 very ry satisfactory work was being 
- done from the air, although the control of tone and contrast has proved difficult, 
_ The main developments that occurred in aerial photography and photo- 


—_ ‘grammetry with the start of World War II were as follows: Ss a 


a .T he grouping together of three cameras in the. 20- called “Tri- Metrogon” 

sy ‘system. for taking photographs simultaneously from horizon to horizon. — This 

method was largely developed by the ‘S. Army for ‘purposes of making 
_ aeronautical charts; and at one time it was ‘the | purpose of the Army to map 


the entire world, to which it had a access, by this method. a 
= (b. . The recognition by the Army | of the necessity for better performance in 


photographic airplanes. The airplanes w were not fast: enough, they did not 
have ceiling enough, and they were _ defenseless in the face of antiaircraft and 
fighter attacks. _ Minton Kaye, Colonel, U. Ss. . Army Air Force, fathered the | 
development of the “Tri-Metrogon” system, and was responsible for the 
assignment ¢ of fast, high- -performance, military aircraft for aerial | photography, 
He created ‘squadrons of P- 38s, capable of flying fast ; enough to dele « enemy | 
7 fighters, and and high enough to elude antiaircraft fire. Toward the end of the war 
= q cameras were being carr ied by V-17s, B-24s, and B- 3-298. | Some of these photo 


ships carried a formidable array of variegated ca cameras. 


Wright Field in n Dayton, Ohio, , George W Goddard, Col Colonel, 

Army, was making g gr reat progr ess in camera design. He had prepared 40-i ‘in. 

telephoto” lenses and developed the 9-in. by 18-in. reconnaissance camera, 

_ which made great strides in color photography, in addition to being responsible f 

7 for the development of the very effective ‘ ‘Sonne” strip ¢: camera. The _ Navy, | 

under L. A. Pope, R. H. Quackenbush, Jr., and J. H. McElroy, Captains, U. 5. 


N avy, had readied itself for elf for the particular aspects of photography ‘suitable to 
itpurposes; 


_ There was an extensive domestic mapping program consisting of of topographic 


7 sheets of coastal areas and also a substantial | program of aeronautical charts 
and mosaics covering h hundreds o of f thousands of square miles of North and South 

‘America. Extensive areas in many foreign countr ies had already been mapped 

by “method or another prior to hostilities, and these maps many 


J 


4 sources were recompiled into standard military maps. : 
Tri-Metrogon”’ aerial photography wa was the most economical way of ob- 
taining f fair information of vast territories. . It has nd to commend it for 
"general utility, for small- -seale maps, and for charts. 
For more detailed purposes considerable vertical photography 
_ was also’ done, at a altitudes as great as 35,000 ft above the ground. At these 
 Miedes pictures were , procured at Scales ranging g from 1:50,000 to 1:70,000, q 


and these were compiled into mosaic maps and used for topographical maps 


he “Sonne” strip camera, an of the photo- finish camera of 
a race track, was one of the few really new developments of the war. This 
camera has : a roll of film moving continously across the focal plane at the same 


angular rate the airplane is moving over the ground. In conjunction with» 
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camera is a view: finder, with “te ravelers.” 
re operator can control so that they move _ the same rate of sion 

image traverses the view finder. By: so controlling the speed of the thea r 
the: speed of t the film: is regulated move properly, The picture is 
through a narrow | slit, and by this combination sharp. pictures a are obtainable 

r from very low altitudes 1 in a fast-moving airplane. This picture may be one 
“continuous strip several hundred feet long. | ~The e “Sonne” pictures were e 

tremely useful in taking inventory of troop movements along 1 roads, and in 
"photographing | beaches at close range before landings. 
In war there are two very satisfactory ways of obtaining aerial photography. 
The first of these is to fly high and fast, to be out of the range of antiaircraft 
fire, and high enough so that the danger of being attacked by fighters i is mini- 
oral The second satisfactory method is to come in low and fast, at altitudes 

of only a few hundred feet—perhaps at 100 ft or 200 ft. It isin the latter type 
of photography that the “Sonne” ‘camera proved so ‘effective. No other 
camera, moving at 300 miles per | hr or more, at an elevation of 100 ft, would 


obtain anything except a a magnificent 
‘The engineering profession emerged from the war w ith all these old and 


new tools to from. writer has many biases in favor of the systems 


this paper are expressions of personal opinion on stigeue that are controversial, 
and it is hoped that possibly other people qualified to discuss the subjects will 
take issue with them, thus pr rovoking constructive discussion. ew nia 
The “Tri- -Metrogon”’ system hai has only a limited d application t to civil demands 
n the fields of either aerial photography « or photogr ammetry. It 1 may be used 
advantageously where working weather is at a great premium; and therefore 
itis is desirable to photograph as ; much ter rain as possible i in the rare instances 
when suitable weather is available. Thus, for example, in Colombia, South 
America, where something less than an average of 2 min (photographic) per 
day has been experienced, | there is justification for using ‘‘Tri- Metrogon” 
_ photography, because in the 60 min per -month that can be expected on an 
average, much more ground can be photographed by ‘ ‘Tri- Metrogon,” even — 
: though this g ground i is not nearly as v well photographed and as usefully Photo-— 


‘graphed | as it be methods. 


the airborne Paint . It is also sities used for taking large-scale in- 

Aerial photography and | photogrammetry are presented to. the engineer 

; today i in much the same garb which dressed them in 1941, but with a much 
_ better press. In other word ds, more e people ar are favorably impressed with aerial 


photography. and photogrammetry, and the engineering profession in — 
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‘his photogrammetry 18 probably the best way to crystallize engineering 
me  ‘nking on how these tools may best be applied to the requirements of modern 
ith engineering. For example, aerial photography first became important in the 


between them, completed maps and mosaics of practically the 
entire eastern half ‘of the State of Arizona, and the western half of the State of § °° th 

- New Mexico. _ About this same time the Soil Conservation Service mapped plann 

the “dust bow!” area, comprising nearly 70,000 sq miles in Colorado, Kansas, § D2 


New Mexico,and Texas. 


In its earliest days photogrammetry wa was used to m map the workings around § “t | 

the » Boulder Dam site i in Arizona and Nevada (1930); and later, when the | T 
gates of the dam were closed and the reservoir started filling with water, ay sively 

contour entire area of the reservoir was made. : his map of 
> the empty reservoir was designed as a base | from w hich studies could be made § q opere 
to determine the rate at which the reservoir was being. filled with silt. — 4 ae 
a Other dam sites of the Colorado River system have been explored exten- § @? 
sively by photogrammetric methods. This work has been | sponsored by the give 
- ‘Bureau of Reclamation (United States Department of Interior). A contour meth 
“map was made, for example, of the ‘Bridge Canyon Dam site (about 10 miles 
above the of Lake Mead), 2 ata scale 1 in. = 500 ft, with 10-ft 


contours. 


A very extensive survey was completed along the San Juan River in 1947, @ 
deieniiies from _ approximately the confluence of the San Juan with its p parent info 
_ stream, the Colorado, up to the four corners where the states of Colorado, Utah, @ SU" 
Arizona, and New Mexico | come together. . The map to be 
prepared of this proposed reservoir is at a scale of 1 in. = 1,000 ft, with 10-ft 
and 20fteontours. 
| This San Juan project is s perhaps one of the ‘most ; difficult topographical 
7 surveys’ ever undertaken. In fact, topographical st surveys s of any part. of the 
Colorado chasm are very difficult, because the canyons themselves are almost 
impassable, and access to the > canyons for establishing control is extremely 
difficult. — Control of the San Juan job was largely done by jeep, pack horse, and 
on foot. b> = 
For years the Salt River V Valley Water U Users’ Association of Phoenix, Ariz., 
has ¢ approached n many of its problems from the starting point of aerial photog- : 


=. 4 Many of the tributary streams of the Salt River ‘Valley system have 
been Tapped from that hat va alley up toward their sources. | . The entire irrigated — 


= was mapped many y years a ago and has been used continuously for a variety — : 
of purposes. These r maps have proved valuable to the Salt River Valley Water 


_ Users’ Association as a complete inventory of physical conditions on the ground 


: with which it is so vitally concerned ; and in several instances they I have given 
valuable r record information w hich was used in 1 litigation to prove conditions as 


Over the years, the I Bureau ¢ of Reclamation | has had many photographic 


= made of the unruly Colorado River. + ‘Areas subject to flood were studied 
4 from photographs made early in the project history. 7 The delta of the Colorado, 


lying partly i in the United States and partly in Mexico, has been photographed 
atleast twice (the first time in 1922) to study: the vagar ries s of this menacing river, 


which in flood thrashes itself from old channels to new - channels, and back ick 
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ofthe 

ly the sgain. The aerial photographic maps showed this delta in 1 minutest detail, 
tate of 5° that every channel, both new and old, was apparent, and the work of 
1apped planning the control of the river was thus greatly expedited. 7 Attempts have 
‘ansas, been made to hack ground survey lines through this | brush-choked delta region, 
3 a prohibitively tedious and e expensive task, yielding, at best, a bleak skeleton « of 
round {g data compared to the full body of exquisite photographic detail. eee 
on the The mining areas of the southwest have utilized photogrammetry exten- 
iter, a sively. _ Many of the mines have had vast tracts photographed for - geological | 
ap of exploration, whereas others have had detailed contour maps” made of _ their 
made operating properties. A photogrammetric map of a mining area offers two 
-_ general types of valuable information. — In the first place, the contact prints 
exten. fy can be view ed stereoscopically and n mosaics can be assembled, which | together — 
ry the give a continuity and detail for delineating geology unobtainable by a any other e | 
ntour jy method . Secondly, the contour map that may be compiled from the same 
mile photographs: gives an accurate base map on which roads can can be located : located and 


10-ft construction projects of all kinds designed. ae Poa 
a _ A paper such as this can never escape some ‘discussion of of relative costs. — In 
1947, the past it has been possible to give only the most generalized kind of cost 
information on aerial surveys, and that situation still persists. The aerial 
: | survey it is not of a sufficiently definite 1 nature so o that its cost | can be | given, such 
as the costs of commodities or of tons of steel, or of bags: of cement. o = 
question—How much will an aerial survey cost—is comparable to asking: nell 


much does a bridge cost to build? The estimator may even be told how long 
a bridge was to be, but he would still have difficulty in estimating its cost 
without knowing a great many other facts. The problem of supplying infor- 

mation about the cost of an aerial si survey, and a topographical map based on 
photogrammetric methods, is just as complex (see Table 1). _ The following 


factors all affect such cost: 


location of the area; 
2. The size of the area; “al 
3. ‘The weather conditions; 
4. The specifications of the final map; 


5 Thes accessibility of the area from the standpoint of ‘control; 5 
6. The existence or nonexistence of usable control already in the area; a 


7. The character of terrain from the standpoint of control; OO 

8 The type of vegetation, from the viewpoint of both interference with | 

control operations and interference with the altimate precision of the con-— 


— 


9. The maximum differences in elevation, which 1 are an index of th he number — 


of contours that 2 are to be drawn and drafted; 

10, ‘The ‘number of roads, dams, railroads, and buildings, to be shown on 

ll. The possible need ots map made on spherical coordinates; 


‘The form in which the map is to be delivered—as sheets, 


13 The number of geographical names to be shown: ; 
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‘e i 4, ‘The extent of ‘field editing required: How critical is the le map from the HJ facto 

standpoint of show ing every small building, and how serious would it be. ifa isla 


hay stack were mistaken for a building and shown on the map?; 


phot 


15. ~The season of f the year the work must be done; _ 7 ‘ resul 
16. The time to be allowed the contractor; and “fold 
17. The required s¢ scale, and the /accuracy. 
eee: data ‘relating to costs of contour maps for hafeunge, and for city a 


planning and land subdivision, a are offered in Table 1. . In addition, the r 


following general data are offered as applying to reservoir mapping: wh 7 


Thirty-seven reservoirs, some at scales of ,200 with 5- con- 
tours and some scales of 1: 12, 000 with 10-ft. contours: con 


Two reservoirs A: 6,000. with ft contours; dollars per cou 


at scales 1:6, 000; dollars per acre. 0.90 

Sandey reservoirs aggregating 31 sq miles at a ae of 1: 4, ,800 t,> 

5-ft contours; dollars per 0 98. 


‘TABLE 1. —Coor (OF Contour Maps BY -PHOTOGRAM METRY, AT 1947 


Hicuways 


lin. Area, | Dollars 

3 in miles? per miles in acres = acre 
= 


038by20 | 3.34, 

6.00 

(300 ft wide) 5 

1 by 8 
1.14 by 20.5 


| 400 7.25 
(570) 1,500 4.76 
9,600 1,72 


4.90 


(6 sq. miles) 
(49 sq 


“ very essential differentiation must be kept in mind between this method 
of map making and the older and more conventional ‘methods. Wi ith the 


photogrammetric method, the horizontal scale i is usually not the determining 


nf 
‘ 
‘ 
a 
be 
sh 
co 
a 
hi 
1 | 5 | 100° 
| | 200 
— 0 | .. 7400 | 093 
— 


‘photogrammetry pe flying the pr at cer altitudes for certain 
results, and therein lies the efficiency of the method » 3 he cost may vary many-_ 


fold depending on the method and the experience at the disposal of the map 


maker. 


Contour maps made by photogrammetric methods within a certain range 

- can be enlarged and reduced to almost any horizontal ‘scale; but the minute 
that 5-ft contours are specified, and it is required that 90% @ of the points - 
¥ checked on the contours shall be accurate to half a contour starved, then it is 
nit cost immediately required that flying altitude (with the Fairchild | system, for ex- 
ample) be 2,500 times 2.5 ft, or 6,250 ft aboveground. Thus, in all large-scale 
contour maps made by photogrammetric methods, the contour - interval is a 
very important factor. For example, if a 5-ft contour is required, the map 
could be produced very efficiently at 1 in, = 200 ft, or Lit in. = 400 ft. _ Any one 


-of several other scales could be selected without affecting the cost 1 very y greatly. 


However, if the contour interval were changed from 5 ft to 10 ft, although the 


scale remained the same, many phases of the operation would be reduced to one 
four th—there would be only one fourth the number of control points to estab- 
lish, and only one fourth the number of pictures from which the map had to 
be drawn. Also, there would be one half the amount of flying. Thus, the 
contour nd vertical accuracy are all-important factors in the | cost of 


a 4 10- ft contour map is | being punesed ata horizontal er of 1 in. = 1,000 ft, 
and the specification requires that 907% of the points tested on the contours 
shall be within a half interval of their true elevation, the resultant n map will 
peor nearly twice as much as if only 75% of the points tested has to be within 
a half contour interval of the true elevation. ‘The flight can be made twice as 


- high if if only 75% of the points must check in vertical accuracy. P . 


anner. For if 
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™ the factor in cost; the vertical accuracy is the all-important element. Flying height — ag, ae 
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OCIETY C OF CIVIL ENGINEERS 
L EN 

Founded November 5, 1852, 
REPORTS 


RATES AND RATE STRUCTURES 
IN 


WATER AND SEWAGE ‘WORKS 


PROGRESS REPORT. OF THE CHAIRMAN, COMMITTEE 
_ OF THE SANITARY ENGINEERING DIVISION ON © 
~ FUNDAMENTAL CONSIDERATIONS IN RATES | 
AND RATE STRUCTURES FOR WATER 
AND SEWAGE ‘WORKS 


| This s committee of the | Sanitary | Engineering Division is cooperating with 
[= committees or representatives of a number of other societies and associa- 


tions, so that no statements can be made which would tend to commit any of 
the group prematurely. © Much of interest, however, is of record which can be 
The committee to take. form at a meeting of the Municipal and, 
Section of the American Bar Association at its annual convention in Cleveland 
Ohio, in September, 1947. *F or a number of years the chairman has expressed 
his views as t to the unfairness and inadequacy of a considerable number of rate 
‘structures; and he was therefore invited to present a paper c on this matter to the 
Municipal Law Section. At this meeting (September, 1947) a committee of 
the Municipal Law Section was suggested and later approved to cooperate 
with a similar committee of the ASCE and other interested organizations to 
study. and ‘Teport on fundamental considerations i in Tates and rate structures. 
This action was reported to the Excutive Committee of the Sanitary aa : 
ing Division, ASCE, and to the Board of Direction, ASCE, who approved a : 
‘similar committee. Later in 1948 the following members of the ASCE were > 


_ ELH. Aldrich, Chief Engineer, W ster Werke Service Company, New York, 


Blair , Jr., President, West We Water Company, 
&. J. Derrick, Commissioner, Board of Public Works, , Los Angeles, | Calif. 
* S. Friel, Consulting Engineer, Philadelphia, 


_ Nore.—Please forward all comments on this report directly to Chairman Samuel A. Greeley, 220 y 
South State Street, Chicago 4, Ill. Progress reports are published in Frecestings ——_ “oe? 
‘The Daily Bond Buyer, December 1,1947, —_— 
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Gawd. Schroepfer, Professor, University of Minnesota, Minneapolis, Minn. 
G. P. Steinmetz, Chief Engineer, Public neue Commission of Wisconsin, 


Wi is, 


the American Bar Association nel adie the s summer, ai other organi- 
zations were included so that at present the following ‘SIX | are represented 


Bar Association 

American Public Works Association ii & 
American Society of Civil E Sngineers 

American Water Ww orks Association 
Federation of Sewage Works Associations nts 


‘Municipal Finance Officers Association 
— Representatives of these organizations, except those of the American W: “7 


Works Association, met in Chicago, IL, on October 15 and 16, 1948, at which 
time the scope pe of the problem was thoroughly discussed, subcommittees were 
—_ and topics were assigned for study. _ ‘The second meeting of the grou 1p 


the to be held in Chicago on April 15 and 16, 1949. 


At this meeting (October, 1948) it was considered that | the scope of the 
_ study should be limited to fundamental considerations only and should include 


oe: as as related to rates and rate structures, both matters being concer ned 
with private and public utilities. initial statement of objectives was. 


tentatively agreed to as follows: 


— @) Determination of whether or not, and how, a rate structure ean be 


computed that will fairly ; allocate ; the contributions « of persons and property to 


Consideration of Ww hat constitutes the total revenue “requirement to 
which the rate structure > applies, and its effect on the rate structure. ss 
Review of the constitutional and statutory in- 
fluences that affect rates and rate structures and related financing, and inter- 


— _ @) Preparation « of a report | useful to those undertaking the instituting : and 
administering of, or having jurisdiction cver, water and sewage \ works rates 
_and rate structures and related financing. 


Iti is pertinent t to explain briefly the early statements well consider: ations 
that have prompted the organization of this joint undertaking: and have re- 
sulted in these objectives. - There is so much of record in technical journals 
. regarding the unfairness and diversity of many ° water and sewage rate structures 
- that no attempt will be made to describe this matter. One writer has stated 
that rate structures generally appear to have been determined on almost every 


basis except the proper one. Since historic decisions | of t the United 


Supreme Court. 


: and Smyth versus Ames in in 1898, more than “seventy “important | 


decis 
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decisions can be cited relating to utility values and rates. These decisions 
‘seem to have been directed largely to the ¢ computation of a fair annual return — . 
and revenue and not to the determination ofa fair payment by each recipient 
of a service or user of a . commodity. Ine commenting on this condition in his” 
‘address before the Municipal Law Section of the American Bar Association, ’ 


the chairman stated: 

fed in the rate te resulting revenue 
should be fair not only to the utility but also to each indiv idual on whom the — 


utility depends for itsincome.” 

Current. attitudes and practices as regards rs rate structures 2 are sefevted by 

a from a book by Marston, _Past- President and Hon. 


of public utility fifth of which reads as follows: 


— retur n upon the present fair value of the property used and useful in render- 
‘ing the public service; but this principle is subservient to the ruling principle 
that the public is entitled to demand that no more shall be exacted from it 
for the services of a public utility than the services rendered are reason- 


ably worth. 


It has seemed to the ‘chairman ‘that this s principle should be ex extended to 


include the statement that no more shall be exacted from each individual or 


unit user of of the service or or commodity than his or its fair share of the cost of 


providing: such service or commodity. 

: _ The purpose of the work ¢ of this s committee is, jointly wi with others, to attempt 
to state the fundamental considerations on which the computation of fair rate 
structures may be based for a given set of conditions. Basic ¢ topics have been 


— stated, considered, and assigned for study and ania to various members of the : 


publie- utility rates is that the utility owners are entitled to a 


group, such as: 


_ (a) Do water and sewage works ee for sale : a commodity or a service, or 
both? 


a (b) What is the legal status of rates and rate structures in accordance with | 


court and commission rulings? 
a (c) What effect do the physical characteristics of a municipal corporation — 
and its environment have on the form of rate structures? oe -_ 
—_ (d) As regards. revenue financing and rate structures, how should they be 
related to other methods of financing, such as general obligation bonds, frontage 


assessments, benefit assessments, and current taxes? : 


7 ‘Topics s such as these, together 1 with definitions of ter ms, bibliographies, and 


the like, are e being geepased for discussion at the proposed meeting of the joint 
group in Chicago on April 15 and 16, 1949. 
The topic assigned to the committee (fundamental considerations in rates 

rate” structures for. water and sewage works) seems have aroused a 
by Anson Marston and T. R. Agg, McGraw-Hill Book Co., om. New 


‘Engineering Valuation,” 
‘York and London, 1936, 
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a considerable interest i in shone who are concerned with related legal, financing, 


‘committee have made an 
will be 2 required | to complete t the study and | the final r mi In the meantime 


it is hoped to enlist the inter est, cooperation, and support of ASCE members, 


Samuel A. Greeley, Chairman 
Committee of the Sanitary Engineering Division 
on Fundamental Considerations in Rates and 


Rate Structures . for WwW ater and Sewage Works 
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DISCUSSIONS 


‘ 


‘By WILLIAM W. Moore 


wW. Moorg, M. —The comments. and suggestions 
by the several discussers and informal ‘suggestions received from interested 
members of the engineering profession are sincerely appreciated. 
- ‘The comments offered by Mr. Earl ar are of particular interest an and value 
. because of his experiences both with the method suggested by the writer and 


g tions. Mr. comment that the method suggested enables taking into 
- account: the effect of settlement in upper layers of soil, such as filled-in areas, 
is believed to be particularly important | because the need for pile foundations 
“most frequently arises in such areas. Most other methods for evaluating the — 
of pile foundations ‘offer n no opportunity for even 
influence of upper subsiding strata. 
As suggested by Mr. Earl, the obtaining of accurate information on the - 
conditions by borings is of the: greatest importance. When a 
sufficient number of of the 


in ‘the: of individual strata at various on the ‘site may 
: such that it is futile to attempt extreme precision in determining the lengths of 
“piles required. The problem, then, _ becomes one | of determining a safe and 

_ practicable length of p piling for use on a site or a . particular part of a site. 

' ‘The important decisions are to be certain that the lengths selected are adequate 
_ but not excessive and that these pile lengths can be installed practicably with 
available construction methods and equipment. 

_ The comment by Mr. Feld that the basic concepts of the method of analysis 
ty resented by the writer have been previously suggested by va various investigators 


rest -Nors. —This p paper by Ww ‘liam Ww. Moore wa was published i in November, 1947, Proceedings. Discussion 

on this paper has appeared in Proceedings, as follows: March, 1948, by A. W. Earl; June, 1948, by Hamilton 

Gray, Jacob Feld, and George F. Sowers; and February, 1949, by H. Cambefort. ee 
Partner, Dames & Moore, San Francisco, Calif. 
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tioable rea can be comments of of Mr. Sowers are most interest- 
: ing in describing the development by entirely separate investigators of a a method 
of analysis which appears to be parallel to that suggested by the writer. Mr. 
Feld’ 8 comparison of the strength of a laminated beam consisting of nonequal 
planks laid flat on each other to the strength of a pile penetrating several sc soil , 
7 layers is is applicable; i if the planks were to be imagined as having the property of 
continued yielding without severely reduced strength, it would be true that 
the ultimate strength of the beam would be approximately indicated by arith- 
metic summation of the e strengths | of the ‘several planks. _ It may be suggested 


that, where the stiffnesses or strengths of the several soil strata do not differ. 

7 _by a wide order of magnitude, the strengths of all the strata m may be almost 

fully mobilized before any actual failure or substantial slippage of the pile 
relative to the soil can -oceur. W ithin the range of working loads, it is quite 
possible that the stiffer strata may carry much more than their estimated pro- 
portion of the total imposed load. However, if no failure can occur without 
developing resistance in each of the strata, . it would appear that the method 

‘maguted offers an | opportunity for safely evaluating what may | be termed al 
yield point bearing capacity for the pile. The c computations can be 1 readily 


‘modified to include only the supporting value of firm ‘strata, ‘in cases nol 


- certain soil strata may be too weak or compressible to soenans to the safe 
supporting capacity of the piles. 
writer has fully ‘recognized, as suggested by Feld and Sowers, 
that precise determination of the lateral p pressure e of the soil against the side of a 
pile is a quite | complex and indeterminate problem. | _ Howe ever, he is unable to. 
4 accept the thesis that the lateral pressure against the side of a driven pile can 


7 be zero, or even that it can be less than the vertical w weight of overburden above re 
any given depth. . Such conditions of low lateral pressure have been ob- | 


served, as noted by Mr. Feld, in the walls of drilled or excavated shafts where t 
- the arching of of the material can permit int internal soil stresses to develop which i 


‘result in very low or zero lateral pressures against the easing or bracing within 
a the shaft. - Since these circumstances a appear to be quite different from those 
_ surrounding a pile forced into the soil with accompanying lateral displacement 

and ¢ compression 1 of the ‘surrounding material, it appears reasonable to presume — 

that the lateral pressure on the side of a pile will be greater than the weight of | 


adjacent overburden; and, furthermore, that the intensity of the pressure will | 
be related to the shearing resistance and probably also to the compressibility q 
a the material displaced during the ‘driving | of the pile. The equation us used 
_by the writer for evaluating the lateral pressures on the surface of the ile 
a the behavior of piles during static paren tests. The ‘equation caning is 
not intended to provide a1 a rigorous : theoretical solution for the potential later. 1 
_ _ pressures. _ However, it has generally been found that, if the increments «[ 
lateral pressures in excess of the weight of overburden are assumed to lie within | 
‘a range on the order of three to five times the shearing strengths of the materi :!s__ 
penetrated, the resulting calculations have been reasonably consistent with the 
observed results of static loading tests on full-sized piling. relativ:ly 


- higher lateral, pressures are 1 usually indicated for quite sandy or gravelly s ils. 
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MOORE ON ON PILE ‘LENGTHS 


Some studies er in 1948 and 1949 by the writer and his associates have ir _ 


volved the installation of strain gages in full-sized piling under test conditions. 
and it is believed that analyses of these observations will throw some light on the 
| distribution of frictional forces along the | length of the piles? and in turn may 
indicate the intensities of the lateral p pressures developed. In this. 
it may be noted that a report®* by Armand Mayer, M. ASCE, published in : 
1947 describes a concept of analysis almost identical with that suggested by the 4 
writer, , except that Mr. Mayer’s analysis results in a substantially higher evalu- 
ation of the end bearing factor when piles ; are driven into granular deposits. 


Recent experiences have indicated that the computations suggested by Mr. 
Mayer may result in an improved evaluation of the field behavior of piling in 


granular deposits, although some questions still remain as to the permanent 
dependability of very high end bearing resistances and the behavior of piles so 


supported when subjected to vibrating loads 


; During recent ‘years, the writer and his associates have developed, in col- 
-_laboration with the late Ralph Byrne, Assoc. . M. ASCE, the following equation 
as perhaps offering a somewhat improved evaluation of the end resistance of © 

piling i in sand and gravel deposits: 


in which P is the limiting bearing p pressure; p p is the surcharge « of weight of over- over- 
burden adjacent to footing; ¢ is the angle of inter ernal friction of soil; and C is the | : 
“cohesive shearing strength of soil. 
_ The numerical values of potential skin frictional support for piles in sand, _ 
indicated t by the formula presented by Mr. Cambefort (Eq. 15), result i in — 
high values which do not conform with the field | loading test data available ; to. 
¢ the writer. 7 Although the evaluations of frictional resistance and end ‘bearing 
‘indicated by Eqs. 5, 6, and 7 suggested by the writer are known to result in 
rather low values for some sandy soils, it is his opinion that the possible magni- 
tude of safe increases of these values depends on factors which at present are not 
completely understood. Some of these interrelated factors are the density 
and the compressibility of the deposits penetrated, the volume of the pile, and =~ 


the weight and 1 the energy of the driving mechanism used. It is the writer’s 
belief, therefore, that the values should be increased above those suggested in 


pti made o on the specific site with pile s sizes and driving conditions comparable 

to those of the ultimate structure. 
_As suggested by Professor Gray, the use of static field often 

‘a most valuable aid in determining safe and adequate. piling installations. 

- Although the writer has used the ‘proposed method of computing capacities on 
‘many projects without the assistance of static field loading tests, it is preferable — 
to have such loading test data whenever the economic factors involved in the 
project will permit. The experience of the writer has indicated, however, that — 


ae ‘Electrical Resistance Strain Gages for Determining the Transfer of Load from Driven Piling to 

Soil,” by L. LeRoy Crandall, Proceedings, 2d International Conference on Soil Mechanics and Foundation 

Eng., Rotterdam, June 21 to 30, 1948, Vol. IV; p. 122. 

"Some Recent Tests on the Bearing Capacity of Piles,” by A. Mayer, Pamphlet No. 34, Series 1, 

Technical al of Constr. and Public Works, Paris, March 31, 
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ON PILE LENGTHS j 


field bearing tests on piling o or yr driving r records. of test piling are frequently of - 
little value and perhaps ? may even be seriously misleading unless knowledge of 
; the character of the soils into which the piles are driven is reasonably complete, 
a. It has been found 1 that 1 the expense i involved in making the soil tests and analyses _ 
of pile lengths i is not usually a serious burden, since this cost seldom exceeds - 
: approximately one third to one half of the cost of making borings, taking ‘sam- 
: pies, and studying purely visual descriptions of the subsurface materials. 

The pile loading test described by Mr. Cambefort illustrates a very desirable 
type of test i in which the skin friction on the lateral surfaces 0 of the pile can be — 
distinguished ‘quantitatively from the end resistance on the bottom of the p pile. 7 
Data of this character are certainly of great assistance in “understanding the 

- factors influencing the supporting capacity of piling. The circumstances 
| described wherein the test pile penetrated alternately firm and very soft strata 
illustrate | the need for evaluating the compressibility of the several strata, 
either purely by engineering judgment or preferably by s some e definite test data, 
in order to estimate the dependable supporting capacity of each of the soil 
_ layers. fe It has been the writer’ s practice to reach a decision as to which strata 
will be depended « on for the p primary support of the piling by consideration of. : 
the texture, firmness, moisture content, density, and sometimes consolidation 
characteristics. In: numerous cases, it has been | decided that certain strata 
which overlie weak ‘and very” compressible layers” will be either ‘completely 
neglected in computing the permanent potential ‘support or considered as 


possibly imposing downward frictional forces as a result of expected future 
of these upper strata, 
The discussion by Professor Gray concerning - ng the disturbance of the soils 
immediately surrounding a driven pile and the possible variations in soil 
‘strength with time is is quite pertinent and 1 correct. — ‘The suggested thesis that 
the strength of the undisturbed soil may be regained after a time aj appears to be 
substantiated by the investigations reported in 1948 by A. E. Cummings, M. 
_ ASCE, G. O. Kerkhoff, and R. B. Peck,* Assoc. M. ASCE. — In view of these | 
- studies, as well as the experiences of the writer and his associates, it is believed 4 
that the bearing capacities determined by the method of presented are 
the ultimate bearing ofthe piling, 
aaa Although the examples cited by the writer did not include cases where any 
_ large settlements had developed, it seems s unduly ; optimistic, a as mentioned by 
Professor Gray, to presume that a clay firm enough to carry the design load 
7 is one pile without slipping would i in all cases carry the imposed load without | 


_ appreciable volume consolidation. The settlement resulting from volume 
consolidation would: depend largely on the intensity | of stress and the area 
~ loaded by the pile gn groups. In instances where large pile gi groups may impose 


the possible volume consolidation of the soils beneath the pile tips are essential. 
_ Although the behavior of pile groups was ‘not included within the sc scope of 
the paper, the behavior of such groups may be, and has been, evaluated within 


_ ¥4“Effect of Driving Piles Into Soft Clay,” by A. E. Cummings, G. O. en and R. B. om 
Proceedings, ASCE, December, 1948, p. 1553. 


fairly heavy loads over an appreciably large area, it is believed that studies of | 
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1949 ‘MOORE ON PILE LENGTHS 


practicable ranges of accuracy by considering the stresses in the body of soil 
’ bounding the pile group and directly beneath the pile group. - _ For example, the 
sum of the potential shearing resistance around the periphery of the pile group, 
plus the bearing ‘resistance of the material directly beneath the pile group, 
may be evaluated as if the group were a single large foundation, such as a 
caisson. n, Evaluation of the probable factor of safety against failure of the pile 
‘group a as a whole may be made in this fashion, as well as evaluation of the 

probable settlements due to compression of the soil materials on which the 

piles themselves are dependent forsupport. 


As 


4 shearing strength may perhaps be s answered by illustrating ' the results of typical 


shear tests of two materials with the following characteristics: ‘on 7 


j Sample : 2 


wer small gravel 


4 


content, in percentages of dry 38.9 


Surcharge, in pounds per square foot rahi 


‘These ar are presented graphically in Fig. 26. In er the shear tests used by | 
a ‘the writer and his associates have been made by applying it increments of f loading 
4 at 1-min intervals of time in a a direct 1 ring- type shearing apparatus and measur- 


‘ing the resulting deflections.*® The stress-strain graph is examined and the 


yield point : selected as the load above which rapidly disproportionate inevuneatie 
|< deflection are noted for equal increments of loading. - There is evidence that 
other time rates of testing (perhaps in some cases very I much ‘more rapidly, and ; 
in some cases very much more slowly, than the tests s generally made previously) 
- may offer a method of ‘approximating the applicable field conditions more 
closely and thereby enabling better evaluations of the behavior of piling on a 
‘par ticular s site. Mr. Feld’s comment that the frictional resistance for various 
rates of movement may be important in the resistance of piling is most well 
_ teresting and pertinent. y Iti is yan that the u use e of a an an extremely wide range 


the ratio of 
In neal: 4 of Mr. Feld’s , discussion, it is noted that as average ite, 


along the surface of the pile cannot be based on a coefficient of friction greater 
that the soil itself. values of soil properties used i in the: 


: of surcharge pressure, when ak the cohesive strength and internal friction are 
- included, will exceed the frictional resistance between the pile and the S 
based on a coefficient of friction of 16°. 


_ ae Practical Shear Tests for Foundation Design,” "by Trent R. Dames, Civil Engineering, Denner 
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MOORE ON PILE LENGTHS Discussions 
It has the writer’s, experience, as suggested by Professor 
~ Sowers, that clayey ‘soils develop an adhesion to the pile so that the actual - 
failure takes place in the soil close to the pile surface rather than with a strictly 
“frictional movement between the pile > surface a and the soil. — Since it is nearly 
always difficult to classify - materials as purely cohesive or - purely gi granular, and 
since a very large nu number of ‘soil deposits combine some of the properties of nl 
cohesive, and some of the properties of the granular, writer pre- 


Normal Deflection, i 


£ 
¢ 
oO 


Shearing Strength, in Kips per Sq ft 


26.—SrrE 188-STRAIN Curves From SHEAR 


fers to use test methods that include the influence of both the cohesive and the 
7 a frictional factors. With these methods, the test results will place an appro- 


priate relative importance on the differ ent proper ties of cohesion and internal 
for a specific soil condition. 


ri: Professor Sowers’ experiences _ with the use 0 of unconfined compression tests 
do ‘not ‘appear to be fully confirmed by, the writer’s ex} experiences. In many 
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fessor clayey encountered 1 during inv vestigations, it has been found th that neglecting 
actual the influence of confining | pressures during the tests may result i in seri ious errors | 
trictly ‘and som-times excessively low indications of strengths for the available soil 
nearly deposits. _ Frequently, | it is difficult to distinguish, | by visual examination, | 
r, and between purely cohesive clays and those containing significant proportions of 
— very fine. granular particles. It is is the writer’s belief, therefore, that, until 


- experience has fully confirmed the reliability of the unconfined compression test. 


fora | particular local soil condition, a considerable 1 number of tests should be 


made which evaluate the influence of confining pressures on ‘the strengths of the 


= The studies made by Professor Sowers using the results 0 of remolded shear 
tests are especially inter esting. . The: writer believes that such remolded tests 
should certainly be made when clays having a characteristically | severe loss in 
strength on remolding are encountered. _ However, the long-time supporting 
capacities of piling driven into such clays may be less seriously a affected than 
- would at first be indicated by considerations of the remolded strengths. Further 
research, and perhaps pile loading | tests made some time after driving, m: “— 
produce valuable infor mation on this problem. - The: stress s conditions suggested 
in Professor Gray’ s discussion and the data , presented by Messrs. Cummings, 


-Kerkhoff, and Peck* are indications of the direction which these investigations 
As s suggested by Professor Sowers, the use of jetting to > sink p sling ng into sand 
and gravel deposits interposes an additional and fr equently highly indetermi i- 
hate factor—probably influencing both the lateral pressures and, in ‘some — 
- instances, the end resistances of piling placed i in sand and gravel deposits, — 
As Professor Gray suggests, the results of computations ‘utilizing: the sug- 
‘gested method should be accepted cautiously and with much study of local | 
“experience: nee records. . In many instances, a careful study of local experience 
records together w with analyses and perhaps : field loading tests will indicate 4 
appreciable economies in foundation construction may be r ealized with full 
safety f for the structures involved. Also, the type of studies described may 


enable th the e design of { foundations capable of much more desirable performance 
than w would be achieved with more conventional design methods, and { fr requently | 
at an equal o or lower construction cost. - However, where the lengths o or loadings | 
_ of piling indicated by the method of analyses suggested result in marked differ- 
ences from the current. local practice, thoroughly adequate investigations a and 
studies should b be made | to explain fully the circumstances and the reasons for 
these differences in order that the e satisfactory behavior of any new installation 
may be assured. As commented by several of the discussers, observation of : 
7 high driving resistance is not reliable proof that the drive en piles are capable of 
supporting the design n loads. On the other hand, a relatively low driving 1 re- 
sistance under certain conditions may not in any degree warrant a conclusion 
_ that the piles are inadequate to support the p planned loads. :. In m many mm 


— increases in pile lengths required to realize conventional dynamic driving 


resistances constitute a compurtnty unnecessary and severe economic waste. _ 


~ 
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Mr. Feld’ scomment that the Engineering News ews ps formu ‘mula Ww hich 1 was U used i sed in 


in form of P = H } is not applicable for heavy hammers, 


No. 1 an and Vulean No. 0, makes it the more imperative that 
4 the geet poe a practical and reliable method of evaluating the be- 
havior of piling because the present- -day trend is increasingly toward the use of 
heavier driving equipment and higher design loads per pile. 
ee .—The consensus of the discussers’ contribution | indicates the 


basic concepts of the method of analysis presented have been suggested at 

various times in the past: by leading investigators and will. eventually be de e- 

> veloped by th the profession t toa a point where s such a method will be: of f substantial 
assistance in the design | of safe and adequate pile foundations. ‘The use of 

borings and of adequate sampling of the soils is of primary im- 


portance in applying the method of analysis suggested and in understanding. 
f the ‘subsurface conditions and the behavior of the foundation soils on any site. : 
- The use of pile driving tests and of pile loading tests may be of “great assistance 
: in evaluating construction problems and in confirming analyses of the support- a 


of individual _ However, data can be utilized with 


stresses produced i in the foundation s soils sur rounding and below clusters | of 
piling is essential when structures involving any very heavy loads are to be 
supported, or when large pile groups are to be erected, on ‘sites. where soils of - 
appreciable compressibility extend to depths below the pile tips. 
wy. The results of the method of analysis suggested should be compared carefully — 
> _ and studied i in relation to 0 local experience and practice; and, where apparent q 
_ differences between | the results of the analyses and local practice appear, the 
reasons” for such differences should be analyzed and fully explained. After 
studying” the soil properties and perhaps results of f pile loading tests for any 
specific project, it will be feasible and desirable to establish some criteria for 
driving resistance (not necessarily related to any ‘dynamic formula) as as a nated 
of field control of the pile driving during » the actual construction so that any 
important and unexpected differences in soil conditions would be indicated by yO 
e 


the pile ae and ud appropriate measures could be taken to assure adequate 


Additional study and rest research concerning the intensities of later al pressures 

- created when driving piling into various soil types are needed; and, similarly, 
laboratory research and field measurement of the end resistances, particularly 

in granular soils, will doubtless result in improvement and revision of the 
detailed methods of ealculation. © Future field loading tests and research pr pr o- 

grams should include measurements of the stress transmitted from the pile to 

bags soil at various elevations and determinations of lateral pressures on the 

sides of the piles together with studies of the changes in these effects over 


periods extending for many m ‘months after the piling is driven, : 
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DISCUSSIONS 


ADJUSTMENT. OF THE “S “SHORAN” 


TRIANGULATION: 


By CHUNG. JUI CHu 


_CHUNG-JUI Cuv.*—Several valuable ideas’ have the sub- 
ject | of the paper by ‘Mr. Sheldon. However, it should be pointed out that 


the solution of equations s of the type of Eq. 6 will give the angular values of i 
corrections expressed in radians to the approximate positions, not the = 


values as mentioned by Mr. Sheldon. It is a simple matter to express the cor- 
rections in seconds by multiplying the: right-hand member of Eq. 6 by a constant 
. Furthermore, the writer does not agree with Mr. Sheldon in the Statement 
that the method is suitable | primar ily for | computation of geodetic positions. 
To use the direct method of computing the geodetic positions the computer 
must first determine the adjusted values of the measured distances. Such 
a method is similar the conventional method, but i is “very laborious. 
On the contrary, by the writer’s method the geodetic positions are obtained by 


edging the corrections to the approximate positions, which may be be just astro- 
a Captain Hemple has given more valuable i information on this new technique 
of measuring the distances and has stated that i in the n near - future the ‘ ‘shoran” 
‘The shoran ‘method should find wider in the field of surveying. 
It may yet be applied to the positions of the airplane in aerial surveying, the 
locations o of the traverse stations, the finding of a suitable world-wide geodetic 
datum, and the determination of the dimensions of the s spheroid which is taken 
to represent the earth. © When that time comes, geodetic | engineers: will have B 
seen great changes in 1 the field operations and the office computations of sur- 
In closing, the writer wishes to express his ‘gratitude to Mr. ‘Sheldon and 
Captain Hemple for their contributions to the paper. 


Nors.—This paper by Chung-jui Chu was published in September, 1948, Proceedings. on 
this paper has appeared in Proceedings, as follows: March, 1949, by Robert C. Sheldon, and H. W v. Hompte. 


Prof. of of Surveying, National Tsing Hua 
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STABILITY OF THIN-WALLED COMPRESSION, 


Discussion 


H. DupLeY W IMER, Jr. 18_The discussion by Professor Winter was 


_ welcome and informative. — Several points were > emphasized which had ‘not 
completely covered in the paper. 
As was remarked by Professor W inter, it is very gratifying to note the 
agreement ; between his investigation ond tne described in the paper. . Eq. 
16 is admittedly a refinement and of more general application to different 


material, 
Howe ever, it should be noted that Professor Winter’s tests were performed 
‘an open, channel-type : sections where torsional instability was at least a con- 
tributing factor to failure. _ Undoubtedly, had closed sections been included, 
_ their failing loads would have been higher, and the indicated effective widths 


4 greater. _ Consideration of this factor would tend to bring the two investiga- 


tions i into. even closer agreement. 


the opinion of the writer the ‘most of the method p 


wane aiken; and recognition of the fact that their behaviors are funda- 
nentally different; and 


(2) | The e practical simplicity of its use, including the » tabulating aiithins 
for flats and bends which may then bail re to suit a large variety of 


= a ai The work has been sponsored for publication as a as a project of the Committee 
of the Structural Division, ASCE, on Design in Lightweight Structural Alloys. _ 


a Nore.—This paper by H. Dudley Wimer, Jr., was published in May, 1948, Proceedings. © Discussion 
on: this paper has appeared in Proceedings, as follows: November, 1948, by Boris Bresler, and George Winter. : 


8B Chf. Analyst, Eng. Development Div., Rheem Mfg. Co., Raia, Pa. 
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DISCUSSIONS. 


t ‘ATERAL EARTH PRESSURES OD ON FLEXIBLE 
RETAINING W ALLS 


A SYMPOSIUM | 


Discussion 


By GREGoRY Tsc SCHEBOTARIOFF 


_'TSCHEROTARIOFF, 63 M. ASCE- —The riter “expresses: 
appreciation to all discussers, but wishes to give an evaluation of. such criticisms 
as have been made. 
_ Professor Rober ts. offers v what he terms a “most se serious criticism” of the fact 

that descriptions of experimental techniques | were not given more » space in the 
writer’s paper. On the other hand, the original draft of the writer’s paper was. 
criticized for the opposite r reason on the grounds that the vast majority of the 
members of the Society are more interested in actual findings than in laboratory — 
techniques. Although he has endeavored to keep a reasonable balance within © 
the sp: space limitations imposed, the writer concurs with the latter point of view. 
Detailed descriptions of such techniques should be relegated to specialized pub- 


lications. — This was done to the extent possible at th at the time*®.“ and has been 

Professor Roberts writes: “* * * the Carlson pressure cells used for mea- y 

mama of end reactions are stated to have caused trouble by clogging.” 
No such statement is made in the paper. A clear differentiation is made in 
the paper between 1 the two types of cells —Carlson pore pressure cells (which 
measured the excess pressures of the water filling the voids of the clay : and the 
porous stones of which got clogged) and the two Carlson cells used for the 

_ measurement of vertical reaction pressures of the metal bulkhead. A perfect , 


has appeared in Proceedings, as follows: June, 1948, by Ralph B. Peck, Howard C. Roberts, Armand 

A ayer, S. Packshaw and J. Owen Lake, and Jacob Feld; September, 1948, by E. De Beer; and October, | 
By 

Associate Prof. of Civ. Eng., Princeton Univ., Princeton, N. J. 


: _Nots.—This Symposium was published in January, 1948, Proceedings. Discussion on this Symposium - 
of Electric Resistivity Strain Gages Over Periods of Time,”’ Gregory P. ff, 


65 from Strain Measurements of the of Earth 
7 hatieed Model Flexible Bulkheads,” by Gregory P. Tschebotarioff, eee London, Vol. 1, No. 2, 
1948, pp. 98-111. 
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‘TSCHEBOTARIOFF ON BULKHEADS 


In commenting on on Part I of the paper, Professor Réberts 1 states: 

“The wire type resistance strain gages (apparently) used are subject to. 
_ Inany sources of error, but most of these errors are systematic—not random. 

The of points mechanical difficulties * * * .” 

The term “electric resistivity strain gages” was used repeatedly i in the text of 


the p: paper ‘and the g gages were even identified by their trade-mark as s “SR- - 

gages. Reference was made® to an extensive description of the type, ae, 

- insulation, n, and other details pertaining to these gages. i. Thus Professor Roberts 

_ is correct when he states that the gages were of the wire type; and he need not | 
~ shave qualified his his statement with ¢ a parenthetical ‘ ‘apparently. ” Furthermore, ; 
the writer xr disagrees with the e assertion that most errors of such gages are 
7 aaa and not random. The reverse is true, as can be seen from Fig. 33 
> (which shows the erratic deviations from the initial readings of gages mounted 

on a steel plate which was described in the | paper as being ‘ ‘unstressed’ y ® 
_ None of the mechanical difficulties suggested by Professor Sebo were thus 
Pp possible , during that test; nor were they possible during any of the tests with - 
model bulkheads. — Systematic studies and observations by the writer’s labora- 
— ory since 1941 indicate that even after elimination of instrument errors there 


occur some erratic variations when readings. are taken ¢ over long periods of. 
- time, because of uncontrollable minute volume changes of the cement by which 
the SR-4 gages are attached. The erratic nature of these slight variations, 
& when understood, permits ‘their control and elimination by | the use of a suffi- 
ciently number of gages. ‘or reason 105 separately measured gage 


tion in that Never he claims that pln the same 
niques give information i in the case back- 
fills compose 

cases lies 1 in the fact that sand- dike tests had never been performed | before; and 
they had never been dealt with in textbooks. Consequently, their - results _ 


Z not in conflict with any previous conventional ideas on the matter. Therefore, : 
prior to giving further and conclusive evidence proving the previously unsur- 
7 passed accuracy of the entirely n new testing methods in the Princeton tests, it 
7 appears rs advisable to glance : at the meager factual al and for 
these conventional ideas, ¢ especially i in so far as the so-called “ar rching” of sands 
flexible bulkheads is concerned. Supplementary reference is made to 


appropriate passages ¢ of the writer’ sf final ‘report™ on this entire test program. 


Premues Tests with Model Flexible Bulkheads,” by Gregory P. Tschebotarioff, Princeton Univ., Princeton, 
66a A copy of this report has been filed in the Engineering Societies Library (29 W. 39th St., New York — 


 ‘‘Final Report to the Bureau of Yards and Docks, Department of the avy, on Large Seale Earth = 
4 N. Y.), and the writer will be glad to send at nominal cost a — ‘ members of the Society who address 


their requests to him — Bldg., Princeton Univ., Princeton, N 
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1s dam, Holl and (The Rotterdam | Conference) concerning papers by the writer 
| and his associates. 67,68, These discussions’® Tevea ealed the interesting fact 

: that at least one of the authors of the Danish rules**—A. E. Bretting—appeared 
a - to consider that arching in a vertical direction behind a deflected sheet pile 
~~ A bulkhead must be present since ‘it is known to » be effective when the pressure 
"| avea forms a complete circle around a shaft or a tunnel or when forces act in a 

| 


Some of this | may "perhaps be the result of i improper 

=e of statements such as the one made by Karl Terzaghi, Hon. M. 
ASCE, who wrote” that he was impressed with “the infallible and universal 

arching. The Symposium authors” repeatedly emphasized that 

4 their findings referred to backfills and to the absence of arching in the vertical 


direction behind flexible anchored bulkheads—that is, to the type illustrated — 


P by Figs. 20 and 22. 

rofessor Peck states that the Princeton > - 
measurements moderate degree of arching | because the 
re center of pressure of the curves shown in Fig. 23 is at approximately 0. 38 
of | of the distance from the dredge line to the top of the bulkhead.” 
- The location of the resultant of lateral earth pressures might have been raised 
fr from 0.33 to 0. .38 of the height not by any type of arching, but by the transfer 
ge ‘of lateral pressures to the rigid bottom of the tank by: shearing stresses along it. 
7. Furthermore, only horizontal arching could have produced the effect shown in 
ke Fig. 23 and then only provided that the anchor support had not moved. This 
he was intentionally not the case in n the Princeton tests (Figs. 15, Rm, and 27). 


Another statement by Professor Terzaghi* that should be clarified in this 


connection is: 
“Some of the Danish helhtuaie were exposed for centuries to the pot —e 
of waves, and for decades to heavy traffic, without the distribution of the © 
lateral pressures becoming ‘hydrostatic.’ ” 

Originally, this statement led the writer to believe that at least some kind of 
= distribution measurements had been performed on Danish bulkheads. y 


It is now definitely established that nothing of the kind had been — 


: - _ 67*Tateral Earth Pressures As a Problem of Deformation or of Rupture,” by Gregory P. Tschebotarioff 


and Philip P. Brown, Proceedings, 2d International Conference on Soil eae and onan Eng., 

Rotterdam, Holland, June, 1948, Vol. Il, pp. 81-86. Rint 
68 ‘*Reduction of Lateral Cohesive Soil Pressure on Quaywalls by tes a Sand | Dykes,” = Harris q 

Epstein, ibid., Vol. III, pp. 291-296. 


69 ‘‘Effect of Boundary Conditions on Lateral E Pressures,” by Gregory P. Techebotarioff 


General Report on Section V—Earth Pressure, Stability of Retaining 
_ tions,” by A. E. Bretting, ibid., Vol. VI, pp. 100-102. 


Discussion No. V610, by Gregory P. Tschebotarioff, ibid., 105. 


72 ‘*Side Pressure on Retaining Walls,” by Karl Terzaghi, Engineering News-Record, July 12, 1934, p. 55. 
4“General Wedge Theory of Earth Pressure,” by Karl Terzaghi, Transactions, ASCE, Vol. 106, 1941, a 


26**Normer for Vandbygnings-Konstruktioner,’’ Udgivet af Dansk K¢benhaven, 1937 
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TSCHEBOTARIOFF ON BULKHEADS 


| 
— 1940 publication sponsored by the Danish Society of Engineers states” 

that the method known a as the Danish ' although rather | com- 
‘plicated, i is to be considered only as a rule’ of thumb.” ” (The exact German 


word used was: “F austregel. The same publication’® states that the occasion | 
for the development. of the Danish rules was provided by the light 


a 


Nielsen. The views” on the m by Professor Bret- 

% ting, former chief engineer of that firm, therefore take on added interest. The 

present chief engineer of Christiani and Nielsen, J. Brinch Hansen, published” 
- - in 1946 a historical review from which it follows that their first light wharves 
designed * by Coulomb theory but with allowable of 3-4 
times the stresses applying to . ordinary reinforced concrete structures.” This 
procedure is stated to have been adopted in the first place because in some old 
_and stable timber wharves the stresses computed by the Coulomb theory were 
found to be from 3 to 4 times greater than usually permissible stresses. i . 

_ The inescapable conclusion is t that. any other guess which explains the 
stability of structures built in accordance with the Danish rules®* 6 has equal 
BA with the assumption of vertical “arching” indicated by Fig. 22 and 

byt the complicated formulas that support these 1 rules. - Foremost among $l such 
7 guesses should be the high factors of safety usually present in the structura 
- members of a bulkhead—a point tl that has been discussed by Mr. Epstein in -_ 
‘the fourth paper o of the Symposium a and to ) which Mr. r. Brinch Hansen. has 
since referred in agreement. 
_ There is absolutely no contradiction | between the Danish experience wi 
~ full-sized structures and the Princeton experiments. 7 After the Rotterdam con- 
. ference the writer was enabled, through the courtesy of Mr. Brinch Hansen, to 
oe check the « over-all design of three typical wharves and piers built by Christiani 
- ‘and Nielsen and found® that the stability was fully explained by the results of 
The on only previous tests of any kind from which oo, could be made to 

evaluate the effects of vertical arching were performed by J. P. R. N. Stroyer. ol 

Packshaw and Lake refer to these tests as practical,’ ’ presumably 
having in mind the | ‘simplicity of Mr. Stroyer’ s test setup. This’ simplicity 

was carried to such lengths that no attempt was made to measure either the 

‘distribution of lateral pressures against a 3- ft by 3-ft flexible steel plate « or the 

- distribution of its strains" and deflections, and even the measurement of pres- 

a exerted by the plate on its supports was entirely omitted. All evaluations 7 

“arching” therefore had a a purely qualitative and indirect They 

were made by ‘comparing the forces actually applied to. the overhanging ends 
of the plate (so as to balance the lateral pressures of the fill) to the forces 

theoretically necessary to balance the “Coulomb” pressures. The plate was 

“permitted to deflect only after to deflect only after the entire backfill was in place. In this con- 

Bemessung des doppelten Bemessung des doppelten Spundbauwerkes,” by 1. A. Rimstad, Copenhague, 1940, p.22.. 


“Dev elopment of the C & N Wharf Ty pe,” Brinch Hansen, Christiant Bulletin No. 56, 


Proceedings, 2d Conference on. “Soil Mechanics and Eng., ‘Rotterdam, 


Holland, June, 1948, Vol. VI, pp. 107-108. 
**Rarth-Pressure on Flexible Walls,’’ by Jens Peter Rudolf Nielsen Stroyer, Jour Inst. c. 
4 London, Vol. 1, 1935-1936, pp. 94-139 and 550-557, 
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nection Mr. a stated that his tests were intended to simulate the condi- 
- of a “sunk” wall. | For that eason the writer pointed out i in | his paper 


and an additional induced deflection between the supports. This cor- 
responded to the small-scale tests ted by J. P. R. N. Stroye 


Thus, Messrs. Packshaw and Lake are incorrect when they bite ‘that the 
"Princeton findings ‘are at variance with the Stroyer tests. error is prob- 
ably due to the fact that the need for a differentiation between the effects of — 
dredging i in front of a * “sunk” wall and the effects of backfilling behind a _. 
(first hinted at by Mr. was disregarded in in later Thus 
both the Danish rules?* and Professor Terzaghi,” when referring to arching i in 
a vertical direction (Figs . 22 and 20), refer only to “‘backfills” and do not 
mention the s sequence of backfilling in relation to any possible dredging—or ft 
dredging itself, or of any other "limiting factors. — They most certainly” do not 
‘mention relieving platforms, s, although | Professor Bretting stated” at the 
Rotterdam Conference that the walls designed according to the “Danish rules f 
“are generally combined with a relieving platform. 
Professor Terzaghi, , however, 1 must have realized the likely limiting effect 
oft eng rigidity of the anchor supports, since he included the ‘‘yield of the anchor- & 
age” ’ in the variables to be studied by model tests of flexible bulkheads, the 
performance of which model tests he recommended in 1941.4 


 “Arching in a direction did develop after completed backfilling 


~The sponsors: of the Princeton research project: were mainly interested in 
conditions 1 under which | any necessary dredging i is done before the backfilling 

| - is started, such as are illustrated by Figs. , 37 and 38 in Mr. Epstein’s paper. 


| Tests simulating such conditions were therefore given priority in the Princeton 
test program which, however, excluded tests with a relieving. platform. | a 
test ‘simulating a ‘ ‘sunk” wall was to 3 to be conducted at the end of the 
and was actually performed. 
a The writer devoted half a page of his paper (see Part II, Section C(1)) 
"emphasizing | the fact that he secured diametrically opposite Tesults concerning 
“arching” depending on whether the sand | backfilling was done e in a normal 
“manner by dumping it through water or whether the sand was “‘in place at both | 
end supports of a yielding structural unit before its final deflection.” The 
ecific statement was made with reference to the latter case that ‘ ‘hadlentboan 
ere that there was arching under such conditions.” Professor Peck’s de- 


sription of the effects of additional in front of : a bulkhead 


based. Only two specific ‘suggestions were made in discussion. P Professor 
Roberts suggests. the “null. method,” which consists in varying the reaction 
pressure of a support in such a manner that, supposedly, it does not yield 


unless the support is released by a controlled amount. Very small but re- 


: 2 “Theoretical Soil Mechanics,” t by Karl -Terzaghi, J John Wiley & Sons, Ine. -» New York, N. Y., 1943, 
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Discussions 


successively brought into play. Thus, an undesirable ‘is introduced 
into the situation and justified objections to the method are offered under : any 
circumstances. _ The very principle of the method precludes its application to 
. tests of the type of the most important third series (Part III of the writer’s 
_ here the bulkhead was actually embedded in the ground. _ Professor 
- Peck makes a similar suggestion to determine | the shears at at the dredge line by 
gating: the piling there for that purpose and | by t ‘measuring the reactions 

“necessary to hold the piling in its existing position. He admits that even in. 
open a air cuts such measurements “are not convenient.’ This i 1s an under- 


statement: Ww hen applied to underwater. “measurements, with which discussion 
is now concerned. In an open cut the support needed ‘‘to hold the piling i in 


a * existing position” is provided by the opposite wall of the cut; but i in the 
a full-scale anchored bulkhead it would not be to such 
a support without erecting an underwater obstruction o docking ships, the 


‘suggested cutting of piling would also alter such since 
| divers could scarcely be be expected to determine e the point of contraflexure and 
to cut the piling. there. e. Unless the point of contraflexure is determined, the 
conditions of support and of flexure of the sheet piling after the cutting wah 
be completely d different from those before the cutting. To determine the point 
contraflexure under laboratory ec conditions by the bending-strain measuring 
ay ; described in the p: paper r and to add to them the cutting » method | 


proposed by Professor Peck would require the work of several highly | trained — 
men from 4 to 5 months after each test—in building and calibrating | new model 
bulkheads and the gages ‘mounted on them to replace the | ones which | had 
- — ruined by the cutting. a The duration and the cost of the testing — 


would then run ir into expenses which no 0 sponsor could be expected to meet to meet, 
especially since 1 very y little would be gained thereby. 


‘The proposals by Professors Roberts and Peck therefore represent an effort” 

to to adapt old and inadequate techniques to a new problem, the complexity | of 
which h requires s radically different and improved procedures for its practial solu- 
tion. ‘Such ‘procedures have been provided by the new techniques of m measure- 
a ment and of analysis developed by the Princeton project, which have fully me met a 
the requirements of the problem at a ‘model scale. _ They can also be adapted — 7 
to full-scale observations.°* The writer always” was, a and vill be, glad to 


operate with anyone in such observations. 


‘Sheet: piling is designed to withstand ¢ certain | maximum values of bending 


moment. The knowledge « of the exact shape < of the pr pressure ‘distribution 
ees is therefore of practical importance to the extent that it permits th the — 


determination of anchor pulls and of bending moments. In 1948 Professor 


Terzaghi stated’® that: 


VE, Conference on Soil and Foundation Eng., Rotterdam 


peated reversals of the direction of support movemer | 
a. 
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TSCHEBOTARIOFF ON BULKHEADS 


“It, is doubtful whether a definite rule regarding the pressure e distributio on ~~ 


on flexible bulkheads can be established at all which would be valid under — 
all conditions to be encountered i in practice.” re 


Therefore the direct over-all measurement of values for design, “especially of 
the bending moments, is of the greatest advantage since these values can be | 
used (and in the Princeton tests actually were used®*) for the direct comparison 
of test results with design values obtained from various existing theories. 
The > corresponding measurements were performed by the writer and his staff 
with a precision that has thus far been unsurpassed. In no other previous 
test had it been possible to perform such accurate measurements by inde- 
‘pendent m methods and then to check them | against: each other. | _ The writer has 
already | reported in his paper that deflections computed from the electrically 
measured bending : strains agreed within approximately 5% with the deflections 
measured directly by mechanical methods. A tabulation of such comparisons, 
as well as an example, are given in the final report. dl He also provided a 
diagram (Fig. 12) showing the reasonable aj agreement between | the pi pressure 
; ‘curve computed from the bending-strain readings during a calibration by water | 


pressure and the actual water pressure curve. The term ‘ ‘reasonable agree- 
“ment” as used by ‘the writer, of course, is intended to be vlehinn: that is, it 
should be considered in comparison with the known results of other possible 
procedures. Direct measurements of pressures by pressure cells easily give 
variations up to 75% at the same spot. ade The extrapolated over-all pressures: 
(which are the ones that count in design) ¢ are therefore even less precise. The 
os method of estimating the pressure distribution from the location of the resultant 
f two measured reactions, used prior to 1932. by Professor Terzaghi,° is still 
7 patie inaccurate since the location of the center of pressure can have the same 


tion for diametrically opposite of the pressure distribution 


actual pressures in certain regions. Professor Peck’s criticism that. 
- Fig. ~y shows a maximum difference of 20% between the actual and the com- 
pabel (but unadjusted) values, and that near the anchor level only, is in- 
eo with his use_ of Professor Terzaghi’s outdated and infinitely less 
Binoy technique based ‘solely on the location of the center of pressures, to 
critical arguments against the present paper. 
In spite of all the data provided, it soon became evident that the iewten 
techniques and findings represented too radical a departure from uncertain 
but time-honored procedures a and concepts to be received without bias unless — 
much more extensive documentation were supplied. Not only Professors — 
Roberts and Peck, but also Messrs. Lake their heads 


about them. So did Professor 


direct ‘readings of the had been by ‘te 
: this had never been done before by writers of similar papers and could not have 


a “Barth Pressure on Tunnels,” by W. 8S. Housel, Transactions, ASCE, Vol. 108, 1943, p. 1053, Fig. 46. 


"Record Earth- Pressure seating K. Terzaghi, Engineering News-Record, September 
6-29, 1932, p. 369. ~ 
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TOCHEBOTARIOFY OM BULKHEADS Discussion 
been done by the writer because of space limitations. Therefore the writer is 
"greatly indebted to > Messrs. R. Glossop and H. Q. ‘Golder of London, editors 
_ of Géotechnique, for enabling him to announce on the spot”! the pending publica- 7 
tion of a paper that would do just that. This paper appeared® i in 1948. 
an ‘Its gives all relevant bending- strain instrument readings and subsequent lateral 
7 earth pressure computations of one typical normal backfilling test stage of test 
‘N o. 54, which i is one of the tw enty combined active and passive earth pressure 
tests of the now ‘completed third series (Part Ill, Section C, of the writer’ s 
paper). _ Tod do this required thirteen pages of print®*— —that is, about as much as 
‘the en entire space pI provided for the gar closure. Reference, therefore, must: 


of the numerous checks and controls developed. These checks are based | on nn 
recognized laws of. statics; they : are much more effective and, : at the same time, 
_ less crude than the measurement of reactions recommended by Professor Peck. 
writer’s final report® gives all ‘relevant bending-strain in instrument 
readings and subsequent lateral earth pressure computations of two more test _ 
stages of test No. 41, the general layout ¢ of which corresponds t to Fig. 70(b) ow 
presented ‘subsequently. The bending-strain, ‘shear, lateral earth pressure, 
and deflection curves of these two test stages are reproduced by Fig. 68. Stage 23} 
Va --Teflects the increased bending moments : and active lateral | earth pres- 
‘sures after the intense vibration of the backfill y which was induced by: repeatedly os 
lowering on 6-in. centers a concrete spud \ vibrator from the backfill surface | 
to the dredge line. Stage Vp tefers to the decrease of residual passive lateral 
earth . pressures and to the quent redistribution of pre pr essures that was induced a 
: by t the subsequent intense vibration of the sand from the dredge line down- — 
in front of the bulkhead after partial consolidation of the ‘Soft clay” 
3 slope behind it (Fig. 70(c)). 
Fig. 68 demonstrates that the prc procedure followed for the Princeton | tests 
immediately and accurately r ‘reflects. the changes i in the condition of the ‘soil 
poser the bulkhead. | 2 The bending moments computed back at eight points 
f om the adjusted pressure curves everyw here agreed closely with the bending 
as actually measured. agreement was within at all essential 
‘The writer’ final report®® gives ‘sixteen additional ‘sets: of bending 
‘moment, shear, lateral pressure, and deflection. curves for as many ene 
test stages of the third series when such check backs of the computed pressure 
eurves against the “measured bending moments were performed and equally 
good agreement was obtained. ~The necessary adjustments were very y slight. 
- This provides final and | conclusive proof of the entirely satisfac actory over-all 
of of the lateral earth pressure computation procedures. Any possible 
refinements i in the determination of actual local deviations from the computed 
pressure curves are completely inconsequential since cannot produce 
any increase in the accuracy of bending-moment determinations which would 


be of any practical i importance for design ‘purposes, 


Messrs. _Packshaw and Lake raise a pertinent question | concerning the 


possible effect of the grain-size distribution of the used on n the o observed 


breakdown of arching during backfilling operatio 
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‘could conclusively : settle that point; and an experiment was performed i imme-— 
7 ; diately. Test No. 55A was made under conditions identical to those of test 
No. Yo. 55, except that the usual sand was employed in the latter (which is de- 
4 signated : as sand C) whereas a different and better graded sand D (the grading 


‘of which corresponded very closely to the grading of the sand used by Mr. ; 

in his experiments) was employed during test No. 55A Fig. | 

= shows that the over-all shape of the bending- ;-moment. and lateral earth pres- a ‘ 

st sure curves was essentially the same for both tests, with no evidence of arch-| | ; | 

ing in either case. — | 

« 

( 

4 


a) BENDING MOMENTS LATERAL EARTH PRES UR > 
( MENTS 8) 
Fia. 69. —ComPAartson OF THE BENDING AND OF THE LATERAL PRESSURE 


For Stace IV or Test No. 55 (Sanp C) anv oF Trst No. 55A (Sanp D) 


taken. into account t during the tests and their "subsequent evaluation. T The 
distances between dredge and anchor levels, a as well as other dimensions, were 
changed in different tests until complete similarity of ‘deflections was 


i? | 


obtained. eal _ The effect of the Z- shape of actual sheet piles, as compared to 
a the rectangular shape of the model bulkhead plates (which were tin. thick during _ 


the third series), 1 was taken into consideration by a corresponding decrease of _ 


_ bending stresses on the model. 
= Professor Krynine advances the e suggestion that the degree ¢ of yielding i: in the 


q 4 wall should be expressed i in absolute v values “rather than in fractions of the span 
of the wall as usually done.” dy This idea may be - properly questioned since 


- shearing § stresses depend on the magnitude of angular deformations and not on 
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linear displacements. The writer. knows of no published data that would cor- 
_ roborate Professor Krynine’s suggestion, and no observations have been made 
in the Princeton laboratory that would support it. On the other hand, Mr. 
De Beer’s ‘suggestion that even sands have some interlocking 
c (generally about 0.2 ton per sq m)” has the opposite implication. _ This 
view is also contradicted by the results of numerous lateral sand pressure tests 
at different model scales. Subsequent personal correspondence with Mr. De 
Beer revealed the fact that his statement was based on indirect reasoning and — 
mainly on the results of triaxial cell tests when s a ‘a straight line drawn. tangent 
to the Mohr circles did not pass through zero. The writer attributes this 
observation to the action of the rubber envelope which encloses the soil sample 


‘The finding that lateral earth pressures decrease during silos ae 
fluid clay backfills, with no outward bulkhead movement being necessary to 
achieve this reduction, is considered by Professor Peck as ‘ “quite | normal.” 
Other discussers take a similar attitude. The fact remains, however, that t 
this p phenomenon had not - previously been so described | in modern soil mech-_ 
anics literature and that the similar, although only qualitative, results ob- 
tained by R. O. Comer® ‘in 1923 have been generally overlooked. Feld 
should be commended for drawing attention to them now ae — 


a Packshaw and Lake still believe t that a movement of of more than 
1.5% of the height. of the wall ‘might reduce the ‘ “at rest” pressures 1s of clay 
backfills to their “active” pressures in accor ith Professor ~Terzaghi’ 
purely theoretical application of the conventional stress- strain concepts to that 
problem. 12 Professor Peck takes a ‘a similar position w when he states that. after 
a consolidated equilibrium condition has been reached: ‘‘* * * further outward 
deformations would be necessary to establish a state of failure i in any region of © 
the backfill, The on the other considers on the basis of 
“consolidated equi- 
librium” imply : a limit state of incipient failure v where plastic c cohesive backs 
or remolded natural clays are concerned. This point of view is supported by 
Mr. De Beer’s reference to the results of numerous cell tests performed in | 
4 Holland and in Belgium. ‘The Department of Public Works of Amsterdam, — 
| Holland, indirectly provides further support’® of the writer’s 
‘findings on this matter?® by stating: “According to Keverling Buisman®? how- 
ever the neutral pressure in cohesive soils approaches the active pressure 
The need to recognize the limitations of conventional stress-strain concepts ~ 
applied to cohesive soils i is therefore definitely indicated.” 
Mr. ‘De Beer points out an inconsistency in of Fig. 19. This 
‘caused by a “slip of the pen” which the writer regrets. When extrapolating 


Transactions, ASCE, Vol. LXXXVI, 1923,p.1555. 


1 ‘*A Fundamental Fallacy in Earth Pressure Computations,” by Karl Terzaghi, Journal, Boston Soc. 
of Civ. Engrs., April, 1936, p. 872.00 


‘Theoretical Soil M Mechanics,”’ by Karl Terzaghi, John Wiley & Sons, Inc.., Ine., New York, N. Y., 1943, 


_18**Barth Pressure on Horizontal Conduits” (Dept. of Public Works, Amsterdam), 


a 


Xe fepaationel Conference on Soil Mechanics and Foundation Eng., Rotterdam, Holland, June, 1968, 
79 Ibid., Vol. VI, pp. 108-111 
““Grondmechanica,” by K Keverling Buisman, 2e Druk, Delft, 1943. 
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'LSCHEBOTARIOFF ON BULKHEADS Discussions 


_ curves below the last measured values at the ““Kg’’-level, their curvatures 
should be reversed. This ‘correction, however, only serves to emphasize 
further the great restraining - effects of the underlying rigid boundary. 
_ The writer indicated the likelihood of that effect in Fig. 23 by drawing a 


hypothetical « active earth pressure curve of | lesser intensity which he ——— 


believes this should have been omitted. The writer, however, tines that 
‘it is desirable to indicate the hypothesis on which further research in progress 
is based, , especially if this warns of. possible limitations of pre previous findings and 
if its hypothetical nature is clear ly indicated—as it was, both in words in in the 
text ‘and by a question mark on the drawing. 
- The tests of the third series were undertaken not — there were any 
deficiencies of the previous installation or techniques as such, but because it 
‘became evident ' that an over-: all ‘solution of the problem ¢ could be obtained only 


StageVp 
Showing Pressure 
Redistribution After 
Strong Vibration of 
Sand in Front of 
Bulkhead 


(Normal Yield 
of 


Further Yield 
_ of Anchor) 


Fie. 70.—Five Main LATERAL Earta PRESSURE DISTRIBUTION TyPzs DETERMINED Duswe 


PainceTon Tsgsts with FLEXIBLE BULKHEADS 


‘play results the of the first series 
as well as. the the suspected effect that had been indicated by a panini mark in 


few the main features of which can be s follows: 
— () Vertical arching, because of the flatness of the “arches,” is s the heoet 
stable of the three possible main types. It is similar to horizontal arching in 
that it cannot noticeably develop behind an anchored bulkhead when backfilling | 
is done (Figs. 70(a) and 70(6)) b because no soil As present during most of the | 
_backdilling to provide a an abutment for the ear ch at and above the anchor level, 


— 
a 
— 
— 
| 
| | 
= Stage |V—After Backfilling — 
— | 
| 
~= 
| 
| 
— 

= 

‘2 


be arches. 
Definite « evidence of vertical was obtained a at the: Princeton 


__ laboratory only during. the stages s of a test that simulated dredging i in front of a a 
“sunk” wall, the anchor support of which did not yield any further (Fig. 70(e)). 
Of all the | theoretical pressure distribution curves so far advanced which “sor 
arching, only the one proposed by J. closely corresponded to the 
distribution determined at Princeton under the foregoing conditions. This 
distribution appears to be caused by a . simultaneous - action of passive soil 

- resistance: above anchor level and of arching both in the horizontal and in the’ 

_ vertical directions. The distr ibution suggested _ by the Danish rules (Fig. 2 2) 


and by Professor. ‘Terzaghi- (Fig. 20) does no not t appear possible under any con-— 


_ (3) An absence of lateral displacement at the anchor level i is conceivable — 


on actual structures only 1 when the sheet piling i is connected to massive r relieving 

platforms. — Since the presence of numerous piles under a relieving platform has — 
an unknown but definitely not negligible effect on the redistribution of earth ; 

pressures against the sheet piling, it is still an open question whether arching | 


_ can occur under field | conditions even in tk the case of a “ “sunk” wall. 7 — 
(4) The residual y passive pressures of sands below the dredge line in front of 


7 the bulkhead reached values which in some cases were from three to four times 
_ greater than the maximum values that are theoretically possible if the effect of 
wall friction is neglected. Effective restraint below dredge level was recorded 
: even when the entire embedded lei length of the bulkhead had “moved | outward 


4 from, its original ‘position. 

(5) The point of contraflexure of bulkheads embedded in sand chested 
(after ‘normal backfilling) very closely with the dredge line. Of all existing 
‘bulkhead design methods H. Blum’s “equivalent beam” version® of the fixed 


earth support method* gave the! best ‘agreement w with the observations made for 


(6) Severe vibrations and other causes frequently induced an appreciable 


downward displacement of the point of contraflexure. However, no cor- 


respondingly large increase of bending ‘moments was observed because a — 
siderable simultaneous additional transfer of lateral pressures to the soil beneath 


the dredge line appeared to take place as a result of the bulkhead iin 


tex lowered the point of contraflexure. The transfer increased with the 


flexibility of the bulkhead, on on which its displacement at dredge line level 
directly depended. 


In view of these findings, it does not appear advisable 1 to attempt, when 


making new designs, the actual determination of all possible variations of 
_ pressure distribution. Instead the writer proposed, 83 for all designs involving 


clean sands, a simplified version of Mr. Blum’s | “equivalent beam” -method*® 


"Zur Theorie des Erddruckes unter besonderer der Erddruckverteilung,” by 
_ J. Ohde, Die Bautechnik, Berlin, Nos. 10/11, 13, 19, 25, 37, 42, 53, and 54, 1938. | ee 


bei Bohlwerken,”’ by H. Blum, Ernst und Sohn, Berlin, 1931. 


‘Design of Flexible Anchored Sheet Pile Bulkheads,”’ by Tschebotarioff, Proceedings, 


‘17th International Navigation Cong., Lisbon, Portugal, 1949. 
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TSCHEBOTARIOFF ON BULKHEADS 
“under full utilization of maximum possible wall friction. both for active and 
passive pressures. Empirical coefficients are suggested to take into account 
Possible variations | in n the maximum moments in 1 the anchor pulls 


“sured during the third series of tests at Princeton, v which are 
equal to one half of the theoretical bending moments obtained by the free earth 
support method for the same depth « of embedment and w hich are some 25% 
higher than the values obtained by the Danish rules. Ther -efore, although 


“exactly aes reverse eof the ¢ one ‘suggested by the Danish rules, “the writer pays 
- tribute to the authors of these rules as s good guessers concerning the | permissible 
reductions i in design even the ac actual factors 


writer’ final report (a) suggests a design procedure for use when 
‘involved; @) brings out a number of secondary but nevertheless essential ob- 


‘records n net. yet clarified ‘makes for 
the techniques of full-scale control observations. Iti is suggested that control 
measurements be on all new bulkheads. 


to the United States misamenme of the Navy for the sponsorship of — ex- 
tensive test program described and to the officers and engineers of the Bureau 
= Yards and Docks as well as to the staff members of Princeton University v who. 


have helped him bring it to a successful completion. ———— 
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D ISCUSSIONS 


A 


FLEXURAL CONSTANTS OF HAUNCHED BEAMS 


‘BY AREA COMPUTATION 


Discussion 


By WILLIA LIAM. 


/ A. . ConwELt, 20° M ASCE —A ¢ comparison of this paper with a 
: ‘current paper er entitled “Beam Deflections by Second and Third Moments” by | 
‘Hsu Shih-Chang” leads to the conclusion that, although the papers treat 
‘different subjects, their underlying philosophy is the same. In each instance 
there’ isa preference for what might be termed the mechanical method of 
- determining t the moment of a load or an area—that is, _ multiplying the load — 
or the area by its distance from the | point about which moments are being taken. — 
In view of the prevalence of the mathematical viewpoint of considering <= 
“ments as the integral of shears and, in most instances, the convenience of of so 
handling the problem, the use of fundamentals only by these authors is most 
interesting. Perhaps in his closing discussion, Professor Tsai would like to 
comment on this point. ne It would be of interest to know whether this approach | 


represents a return to fundamentals by engineers in China or W whether they 


Even though novel “methods, | such as the ‘method ‘suggested by the author 
may not immediately replace others now in vogue, it is important that they 
receive consideration and be published. — Only by charting these new paths is it 

possible to stimulate thought, strike a sympathetic chord in the minds of others - > 

thinking of the subject, and — the way in the development of new 

‘The writer believes that the author, unduly and modestly, limited the scope 

; of ‘this paper in his choice | of title. _ The implications a and the content of oo 

; text carry far beyond | the field of haunched beams. Likewise, the reasons 

Ree rofessor Tsai gives for advancing his theses are stated only in terms of its 
4 advantages over existing procedures and do not touch imagina- 
tive appeal inherent in these new thoughts. 


Nore.—This paper by Fang-Yin Tsai was published in 1948, Discussion on 
paper, has in as follows: 1948, by J. Edmund and Harris 


a “Beam Defiections by Sued and Third Moments,” by Hs Hsu Shih- Chang, Transactions, . ASCE, ‘Vol, ol, 
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CONWELL © ON -HAUNCHED B BEAMS 
- In his review of existing methods i ls in th the “Tatroduction,” | ” the author s dena 
‘mention s a possible ¢ extension to the trapezoidal method which almost completely 
“overcomes: his objection to it. ‘By making the basic assumption used in the 
development of ' Simpson’ s rule (which the author 1 recommends in his method), $4 
it] is possible to obtain corrections | to. the trapezoidal diagrams which bring 
them v very close to the actual diagrams. _ This assumption (that the curve is ; 
‘a second degree parabola between any three consecutive points) yields a sub- 
stitute diagram of trapezoids and corrective parabolic. segments. Since such 
a substitute would closely follow the actual curve and since the properties of 
the geometric figures’ involved 1 may ny be 2 quickly determined, it would appear 
that a much higher degree of accuracy than the author implied can be obtained 
In his “Introduction, ” the author mentions the “many comprehensive 
‘tables and char ts” of of flexural constants Ww yhich are available for common types 
i of beams. Iti is now generally accepted that advances i in knowledge in this — 
‘field will * marked by a gradual a ecumulation of data in chart and tabular 
; | form until common types are completely covered. The ‘ ‘Handbook of Frame 


Constants Beam Factors, , and Moment Coefficients for Members of Variable 


and unsymmetrically placed would seem to be close to the ultimate authority 
+ this regard. Although the author seems tc to think of his work as being ap- 


‘plicable to the more uncommon type of beam, it is ‘apparent : that it could be 
valuable in the extension of tables and charts as more types of beams become 
_ sufficiently common to warrant the e expression of beam characteristics in this 


| The very fact that cer ‘tain types o of beams may be designated as uncommon 
leads | to the conclusion that they occur so infr equently that the development . 
Zz special methods for their analysis would scarcely seem justified. — Should | 


some . of the uncommon types be of sufficient importance, of on ‘ade 
should be developed for them. coun | 


Although the author stresses the application of ‘this to unusual 
types, he chooses for his numerical examples, types which are covered by tables. 
He quotes results from the Russell tables* which check the computations by 
momental areas. — ft would be of value to know if the data from those tables: 
were read directly | or if inter polation was required. _ The writer had to a 
~ interpolation to check the results with the Handbook. ee comparison of the 


= s coefficients with those obtained by interpolation from the Handbook — 


are shown in Table 3 for Examples I and II. This set of coefficients dame 
th that, in general, linear ‘interpolation of Table 3 yields results within the accuracy 
design. The ‘maximum error occurred in 


Example Il where a 5.3% variation in the coefficient for Myo) was 


When parabolic interpolation was employed, the Handbook coefficient of 
ine 0.1835 in Table 3(b) became 0.1930; and the error, 0. 4%. The para- 


_-22** Handbook of Frame Constants, Beam Factors, and Moment Coefficients for Members of Variable 
Section, Portland Cement Assn., Chicago, 1947.0 


3 “Analysis of Continuous Frames,” by E. B. Russell, San Francisco, Calif., 1934 (lithographed), pp. 
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May, 1949 
bolic interpolation was s based on values for the three points nearest the point : 
tes which a value is ‘desired. A similar improvement in accuracy | can be ob- 
tained at any time when there is doubt as to the efficacy of straight- line or , 

trapezoidal methods. 


TABLE 3.—Comranmon OF As” Courura IN ‘THE Tsar 


As GIVEN IN tHE “HANDBOOK OF FRAME Con- 
STANTS, BEAM Factors, AND “Moment CoEFFICIENTS 


FOR: -MemBers OF VARIABLE 


(a) Exaurta Il 
4 


Item | ‘Tsai |Handbook|| Item | Tsai |Handbook|| Item | Tsai Handbook 
Con.....-..| 0.404 | 0.405 Myna.....| 0.0647 | 0.0652 || C........| 0.651 | 0.646 

Myo2)..... 0. 1251 0.1246 Ss’ 1.96 1.96 


é 


2.44 0.0820 | 0.0858 || 

1.18 0.1088 | 0.1078 || 0.0746 | 0.0754 
Mynw..... 0.1243 | 0.1203 || Mya)... .. 0.0472 | 0.0478 || Mrow....} 0.1938 | 0.1835 
Myow....-| 0.1343 | 0.1309 0.1416 | 0.1447 0.0987 | 0.0991 


«‘*Handbook of Frame. Constente, Beam Posten, and Moment Coefficients for Members of Variable 


As long as engineers analyze structures, there v will puchally be debate as to. 

the types of functions t that should be taken as flexural constants. The author — 

, makes a strong case for the use of end angle changes on the basis that they 

assist in visualizing the action of the structure. There i is no questioning the j 
desirability of visualizing structural action. Hardy Cross, Hon. M. 


(who, because of his work in moment distribution, may | be said to be & pro- 


the importance a such visualization when he y wrote 3 


“The ability of a designer of continuous structures is ‘measured chiefly é, 
by his ability to visualize the deformation of the structure under load. _ 2 


he cannot form a rough picture of these deformations when he begins the 
analysis he will probably analyze the structure in some very awkward and 
difficult way; if he cannot picture these deformations after he has made 


the analysis, he doesn’t know what he is talking about.” 


This statement implies that a knowledge of moments should enable a designer — 
_. the deformations of the structure and such is the case. Since — 
moments are required for design, they ‘must always be ‘computed and there 4 


- thus a good argument for making use of them as flexural constants and later 
determining such actual deflections as may be required. To the writer and 
‘many others this procedure se seems more logical than first determining deforma- 
tions that may or may not be required and then finding the moments that will, 


of course, be required for design, 


- %*‘Continuous Frames of Reinforced Concrete,”’ by Hardy Cross and N. D. Morgan, John Wiley & 
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DISCUSSIONS 


¢ SEA LEVEL PLAN FOR PANAMA CANAL, 


PROVIDE MAXIMUM SAFETY AND > 


UNLIMITED CAPACITY 


Joun G Cuaysouny,? M. ‘ASCE— presentation of this 


“* * * comprehensive review and study, with approximate estimates of 


cost, of the means of increasing the capacity and security of the Panama > 
- Canal to meet the future needs of interoceanic commerce and national 


defense * * *” 
(defense 
has been concluded in n accordance with the | provisions aienneen under Public ‘al 
_ These investigations and studies were conducted under t the immediate lo 
direction. of Colonel Stratton, ‘supervising engineer of the Panama Canal and 7 B 
under the over-all supervision a and review of a Board of Consulting Engineers — 
: “all appointed by th the Governor of The Panama Canal (J. C. Mehaffey) especially D 


| the purpose. Only one member | of this group had been associated 

* with the canal or organization previously—namely, General Kramer, who ho was 

supervising engineer -of the Panama Canal when the Third Locks construction. 
was terminated in May, 1942, and a lock type advocate at that time. es 


The studies made >» by this group: were the most comprehensive ever made of 
- ir Prem Canal and these data, together with the conclusions of the Board 7 


Consultants unanimous), were approved by 


1947, 
vie” 
The unanimous conclusions reached i in brief were: 


= an  Nore.—This. paper by J. G. Claybourn was published in February, 1947, Proceedings. Discussion on 
4 this paper has eg St in Proceedings, as follows: February, 1948, by Fred Lavis and Raphael G. Kazmann; 
“and June, 1948, by Hans Kramer, and James ee 


ar 20 ns — Zone; formerly Supt., , Dredging | Div., iv., The Panama Canal, Gamboa, Canal Zone. 
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CLAYBOURN ON SEA LEVEL PLAN 


(a) The Canal as it exists today or any lock type canal constructed to have — 
‘maximum security. feasible cannot be- considered as meeting the needs of 


ne 


— (6) Only a sea level canal will satisfy cond di itio ns prescribed under Public 
4 (c) Such a canal ca n be built most economically a at the site e of the present. 2 


equivocal, and incontestable answers previous controversial issues. These 
conclusions are based on facts and | on ¢ calculations that t may be reviewed and 


checked; and then are backed by a wealth of experience and have been con- 
firmed by model tests in all essential particulars. 
_ Since the United States first became interested in the Panama Canal, the : 


| waterway. 

| A thorough review of the report will ‘furnish “unbiased, 
@ 

value of that. as an instrument of defense has always been held of 


the United States The Canal was built primarily as as an 
ment of defense; it still is the gun single instrument of defense and it must 
remain as such, as long as sea ‘power and water transportation are vital to 

The concept of a two- -ocean, three-ocean, four-ocean, | or five-ocean navy, 
each with its auxiliary supply, hospital, transport, and other ships to support : 
and supply these several units independently and successfully, is mere twaddle 
even to the » layman, _who witnessed the shuttling of war vessels, and their : 
‘supporting ‘supply: ships, through the Canal, to the side most needed, throughout 
World War II. The axiom of Gen. Nathan B. Forrest— —“The side wins that 


a gets thar fustest with the mostest””—was s knowingly or unconsciously followed 
at all times. . This was possible because, by good fortune, the Canal | was ‘not 
attacked and was available. Had the Canal suffered an attack, such as at 


Pearl Harbor (Hawaii), results m may well have been more disastrous than the 
loss of the fleet and, with proper timing, both could have been easily destroyed. 
By virtue of the Panama Canal, no one but the “Top Brass” eventually knew 
where or how many fleets the United States had since the number and the > 
place were changed overnight. 
It will always: be necessary to have a canal available to » transfor warships 
and supply ships from one side of the United States to the other, in the shortest _ 
possible time, during any war in which the nation may be engaged. : Ree 7 
— It is ‘apparent that, if the item of defense is omitted from the eyo" 
of ‘Public Law No. 280, the problem would be simple because, a as Colonel 


Stratton has stated:! 

“The present lock canal could oe oy at a cost of $129,983,000 to 
meet the needs of commerce for the remainder of the twentieth century. 
A lock canal designed to meet the future needs of commerce and con- 
structed to have the maximum security feasible in this type of canal would. 
require new locks and strengthened summit lake impounding dams. It 
3 cost $2,307,686, 000 and would still be deficient: ‘in resistance to 


_ 19**The Future and the Panama Canal,’”’ by James H. Stratton, in “Panama Canal—The Sea- poor 
Project: A Symposium,’ ” Proceedings, ASCE, Apeil, 
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CLAYBOURN ON SEA LEVEL PLAN Discussions 


A sea level canal—an | enduring and indestructible item of defense—as 
“estimated in the Governor’s report, would cost $2, 483, 000, 000 19 This cost 
_ is but $185,314,000 more than that of the lock type canal “constructed to have 7 


99 


the maximum security feasible ’ which is still vulnerable to modern weapons. . 


Conversion will require at least years and probably “more. Thi 
will never be ready if a a start is not made. 
_ The foregoing discussion will answer Mr. Lavis’ query as to the “ oe # . > valid 
“reason for r considering & SO- called ‘sea level canal at Panama at t this time.” 
level 
— AS to economic justification: From a , purely commercial angle the Panama — 
Canal has not yet justified expenditures for its construction except for the boom 
a years: preceding the crash of 1929 and for one « or two years since, when full _ 
interest on the investment and some so-called amortization, apart from the _ 


cost, was paid. Some intangible benefits would | be difficult to evaluate 
in dollars. _ There are also good prospects that commercial activities will be- 

> come profitable : in the future, should world conditions stabilize, thus permitting 

South American trade development. However, in wartime the cost of the 


Canal has ‘ “paid off. 


When the United States: declared war on December | 1941, commercial 
_ 7 traffic, as such, , stopped or was curtailed in response to the necessities of war. 
Iti is significant that the number of ships and the gross tonnage that passed 
_ through the Canal during World War II are very compar able to those during 
the greatest peacetime ‘commercial traffic 3 years. The relative revenues may 
be computed and would be a persuasive argument, but the actual monetary 
value of f transferring vessels of war, troopships, Army and Navy supply ships, 
and other vessels to supply materials necessary to the war e effort of the United : 
States and its allies is inconceivable and incalculable. 
At the rate per day that World War II was costing the United States, the 
de luxe sea level canal proposed by the Governor in his report. of October, 1947, 
would require the approximate equivalent of ten days of such expenditure. _ 
The: cost of future wars will probably be ; greater. — It is inconceivable to a anyone 
_ familiar with with the tremendous transportation facilities furnished the war effort 
by the Panama Canal, that this contribution did n not shorten both World Wars | 
y; and, obviously, it also saved the lives of thousands. = 
The war value ¢ of the Panama | Canal i is continuous. _ However, only by co! oo 
version to sea 1 level, can the Panama Canal—this key to > national and hemi- 
- _ spheric defense—be made enduring and indestructible and, in the words of 
the Hon. Joseph J. Mansfield, “It is one e defense item that cannot become 
obsolete and will be a lasting benefit i in war be peace.” if the Canal serves its 


purpose of defense on one -eritical occasion, its cost: will have been justified. 
a 


Tavis states that: 


_ “The writer has seen the old channel of the Chagres River in Panama. _ hal 
will readily acknowledge the ability of engineers, contractors, and modern ~ 
ean machinery, but he has a very high regard for the ‘difficulties of 
_ the Culebra-Gaillard cut—more so, it would appear, than has the author _ 
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The writer’ foe the of the cut” is based 


gupervision excavation over every section of the Canal one end to the 
other; and one } ot ile duties was the removal of slides and their prevention. 
‘Gale the writer’s supervision the Dredging Division accomplished both tasks. 3 
_ There have been no serious slides on the Canal since 1932, even at Culebra, the 
the area most susceptible t to slides. — Potential slide : areas still exist and slides — 
“may still o occur, because remedial treatment advocated and used by the writer, 
has not been applied in many sections, _ awaiting the 1e outcome of Congressional 
action on future canal development. 
Charges up to 15 tons of 60% sodium nitrate dynamite have been exploded _ : 
at depths | of 75 ft i in areas most ‘susceptible to slides without starting, or pre-_ 
-cipitating, ‘a slide and on : slopes that had not attained the calculated angle of 
repose. — _ It was noted from pictures taken at the focal points of the atom bomb 
explosion at Hiroshima, Japan, which exploded above ground, that, although 
all structures in the vicinity were disintegrated, the « conditions and outlines of | 
the river r channels through t the city r remained unchanged. It is logical to assume 7 
that even an atom bomb, exploding on the surface of an ample predetermined A 
_ slope (a thirty-year slope shaped in nature’s laboratory—the banks themselves), 
_ would not cause an appreciable slide; nor would an atom penetrating bomb be 
sufficient to close a channel of 500 ft or more. ‘The ‘soils mechanics and 
bomb experts apparently are of the same opinion, = parry 
Mr. Kazmann . comments on the writer’s citation of a hypothetical s state- 
ment by Mr. Abbott as of December , 1944, six months before” the 
first atomic bomb was « detonated in the New Mexico desert.” That — 
thetical statement is now considered a statement of fact by the Board of 
Consultants in its study under Public c Law No. 280. It has also received the 
approbation of the Governor in his report to the President as well as that of at 
least two former commanders-in-chief of the Caribbean Command (Generals 
George H. Brett and Willis | D. Crittenberger) and two former governors | 
(Generals Julian Schley and Glen E. Edgerton, Mz. oreo of the Canal 
Zone who are fully acquainted with conditions on the Canal. 
From 1 the foregoing discussion it should be gathered that the Panama 


Canal i is a worthwhile target. [ It is admitted that if, the United States were 


conditions should not be permitted to continue merely 01 on the: premise. 
advanced that the “proposed engineering improvement” might be “nullified” 
by some probable future “fundamental technologic change.” 


tremendously more safe from destruction from any future and unknown perils 
utah ao 4. am 
_ that may arise, than the present lock canal. 


py short periods, under the worst conditions of war now known and will be 


_ 4"The Hypothetical Sea-Level Project,’’ by E. E. Abbott, me — randum to the Engr. of Maintenan e 
The Panama Canal, Records Bureau, Balboa Heights, December 2, 1944, eS 
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At Bikini, radioactive vessels that were not sunk in the lagoon were towed 


to sea and destroyed. The same procedure would be followed at the Panama 
Canal. Contaminated water would be flushed out by tide wash; a sunken 


hulk could be | dug around or blown. up and removed by derricks. 
Locks, dams, and spillways would be the targets of any bombing attack on 
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| 


the lock canal at Panama, conventional or atomic. A hit or a near miss with 
the atomic bomb would demolish or breach these structures; the lake would be 
emptied a and there would be no canal. Should the vital canal structures remain 


intact and flushing operations be undertaken from Gatun Lake to clear the 


ith the ‘sea level canal, radioactive waters be by tidal 


11:00 ome to 11:30 p. m., , and are > usually | conipletely dissipated from 
7:00 a.m. to 7:30 a.m m. If there is an appreciable wind, fogs will not form. If — 
rain occurs after the fog has formed, the fog is dene or precipitated by the - 

rain. . ‘If the sun hits the fog before the wind currents begin in the morning, the 
fog is s precipitated. _ If f wind currents form early (which is often the e case) = 
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from the north, the fog i is blown out of the cut. ~All fog particles pass passing the 
divide, between Gold and Contractor’ s hills are dissipated y within approximately 
: 2,500 ft south of that divide. * Any ill effects from fog contamination would 
7 i be about the same for a lock canal or a sea level canal, but would diminish in 
direct proportion to the lessening of ill effects of the we water and 
would be in n favor of the sea level canal. 


een. 1947, and arrived at. after intensive study by the: supervising engineer 
and the Board of | of Conmutting Engineers, was basically the sa same as that covered 
bythe paper, 
The same flood control scheme, which operates independently of canal 
“channels, was adopted with minor changes—that is, Madden 
tac in operation as an additional flood control item; a tunnel was provided 
from the Gatun Reservoir through the high ridge to the East Diversion cut | 


= the Gamboa Hills, and a baffle system was introduced in the East 


Diversion, 


Iti is suggested that a review be made of the writer’s. suggestion to utilize 
the present Gamboa Reach for this section of the East Diversion, now that this" 


"part of the present ‘Canal would be abandoned, thus s saving considerable  exca- ; 
vatimandest, 


” ‘Instead of following the route of the lower lying Chagres River Valley and 
that of the tributary of the Obispo through the cut section, as in the writer’s 
_ plan, a new alinement of the Canal from immediately north of Pedro Miguel, 


almost direct to Gatun was ee Reaches, each nearly 5 miles i in length, 
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a ruling width of 600 ft, and turns at intersections not exceeding 26° are pro- ; 


d _ vided. _ Wetted : surfaces are planned with ample slopes giving usable maneu- 
1 vering. room for the full width of channel for vessels and insuring safety to 

submitted fer the Governor’ plan si substantiate the data published by 
h the writer when evaluated on yardage involved. The items of difference are: - 


“Width of channel, in feet. 
Depth, in feet (Panama datum): 
Curves, in (maximum). . 


realinement 


d the w1 riter’ s the total curr curvature (not s stated) would depend on medal 
tests. _ The plan for cutoffs was to follow the present route except for a cutoff 
south of Mamai Curve and Gamboa Reach, another cutoff at Bohio, and one 


from Pefia Blanca Reach to the site of the new Gatun Lock. ete —— 


_ (a) The sea level canal proposed by the Governor i in his report of October, 
1948, fulfils, in all details, the requirements of Public Law No. 280 and ‘only 
such a canal would be secure against a determined and - resourceful ‘enemy 

(6) The Canal as it exists 3 today ‘cannot. be considered to m meet the future 
needs of commerce ornational defense. 

(ec) A sea level canal can be built most ne ae at the site of the 

(dd) The proposed sea level canal does not depend on an artificial lake fc for 
its water ‘supply, w hich, according to General Edgerton, offers the ‘ “greatest 

7 danger of prolonged closure of the present canal to enemy action, ” and could © 

still oante even if the tidal locks were destroyed. OS 

 (e) The: sea level canal will provide for all future commercial nee needs. = a 

(f) With tide gates open on the 600-ft canal, the maximum current that. 
will be experienced i is 4.5 knots, and ships navigate the 500-ft Cape Cod Canal, 
in Massachusetts safely with currents as rapid as 6 knots. 7 

(g) The invulnerability of a sea level ¢: canal has been demonstrated at at b. 
Suez (Egypt). Its. serviceability has been n proved by the fact that such a 
canal passes the largest ships efficiently, at low cost, with practically no hazard 
and through | channels only 270 ft wide, less than half the width recommended 
at Panama. _ The Suez Canal was blocked by sunken ships during W or Id War 
‘TL but only fee days, not for months 


LAS 


(h) An average of 2.50 hours of transit time would be saved by the sea 
level canal as compared to the best lock type that could be built. ae 
(i) The sea level canal will provide the United States with an enduring — 


_and indestructible item of defense. 


(7) A’ canal must always be available to transfer ships of war, supply nnd 
aaieaate etc., from one side of the United States to the other in any warin 
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© The only advantages the lock canal had over ‘the sea level type, at the 

time of construction, were lower first cost and earlier completion date. It P 
served its purpose, however, and justified its construction in World War * 
The es canal is now obsolete and must be converted to sea level to continue to ‘ave 
the purpose for which it was constructed. 
_ (m) The lock canal is not only vulnerable to air attack, but the operating 
machinery on which it depends i is easily y sabotaged. 

— (n) The cost of a sea level canal is but a fraction of what the nation will 
Spend on items of defense. The canal i is one item that will not become obsolete, “ 
and it will furnish unlimited capacity and maximum safety in peace or war for = 


ships of the United States. 


_ (o) It is far better and more economical to build one ee 2 sea i 


canal than to build another lock canal a In the latter case, neither 
one nor the other could be defended. 


_ (p) The war value of the Panama’ iat is continuous but can be realized 
only if converted to sea level. 
a (q) A curtailment of : any future war by ten days, by virtue of having a 

_ dependable canal, is justification for the conversion to sea level. The United 
States will have secured unlimited capacity for peace and for all time, in any 
event, which would not be achieved by the optimum lock type canal. = Sn 
— (r) It is the Opinion of all high military officials that the Canal i is a . vital 
part of the nation’s defenses. It will take at least ten y: years to make the ‘con- 


version. Poeun sooner the work is begun, | the sooner it will be finished. 


fa 
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which the nation may be engaged, and only a sea level canal 
requirements, 
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the 
Ww riter wishes first to 0 Weir on | behalf of all the authors their ‘gratitude 


for the ge generous attention given by the discussers to their efforts to cm, 
within reasonable bounds a description of the extensive investigations and © 
studies undertaken by a fairly large engineering organization over a period of 
nearly 2 years. Several discussers | have evidently misunderstood the n main , 
purpose of the Symposium, » which v was to present to the Society for discussion 2 
and criticism the engineering features of the recommended plan. In | conso- 


nance with this purpose only enough information was included in the Sympo- 
sium regarding the reasons for adopting the plan to serve as a background for 
the presentation; and a complete discussion of those reasons, even if it were 
appropriate in an engineering paper, would have been impossible because of — 


security requirements. The selection of material for presentation in in the 


‘Symposium papers involved omissions which, no matter how dis- 


— 


criuninating, could not fail to create the i ere that there w were co Tresp sea 


—This Symposium was published i in n April, 1948, Procesdinge. Discussion on thie Symposium 
as appeared in Proceedings, as follows: June, 1948, by Hans Kramer, ay Philip G. Nichols; September, 
1948, by George B. Pillsbury, Kenneth 8. M. Davidson, Joel D. Justin, W. H. McAlpine, W. E.R . Covell, 
4q William Herbert Hobbs, Hibbert Hill, Kenneth C. Reynolds, Gregory P. Tschebotarioff, Charles Ww. fae 
= Donald F. Horton; October, 1948 by E. Montford Fucik, Charles M. Romanowitz, and Raphael G. 
- azmann; November, 1948, by George B. Massey, hfe, Allan, and Boris A. Bakhmeteff; December. q 


1948, by Robert C. Sheldon, F. W. Edwards, and H. R. Cedergren; January, 1949, by Harry oO. Cole, 


Ole P. Erickson, Clarence 8. Jarvis, Anson Marston, and Ralph Z. Kirkpatrick; Februa , 1949, by Ernest _ 
Shankland, and John 8. McNown; and March, 1949, by H. H. Little, and A. Casagran é. 


7 __ 187 Col., Corps of Engrs., U. S. Army, Div. Engr., New England Div., Boston, Mass.; formerly — 
Engr., Special Eng. - Div., The The (Conal, | Diablo Canal Zone. 
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reference to this fact. For those who are ‘interested, a complete copy of the 
Governor’ s (J. C. Mehaffey’ s) report o1 on The » Penis ' Canal has been placed i in 
the Engineering Societies Library.” 17a The record of these discussions should 
serve as an invaluable g guide in the reevaluation of certain phases of the ine 
vestigations during the design and the construction of ~ project when au- 
~ In most instances where discussers have » challenged the conclusions leading 
to the recommendation for the conversion of the Panama lock canal to a sea- 


“level canal, they have > not backed up their discussions by scientific demon-— 


or by “engineering and navigating "experience. as broad judg- 


e place « of the Panama a Canal in the economy y and in 
for national defense, so do scientific predictions of future traffic needs, the - 


_ evaluation of weapon effects, and careful engineering appraisals of such prob- 
lems 2 as slides and navigation of the. e proposed sea-level canal also play a vital — 


parte 

— is particularly indebted to General Kramer for 

quoting the farseeing and prophetic instructions of Theodore Roosevelt, then 

7 President of of the United States, to the Board of Consulting Engineers convened 

=. in 1905 to consider | the type of canal to be constructed in Panama? These 
instructions, and also the report of the Roosevelt Board and the conclusions 

of many other e1 eminent investigators, ‘not only established the ‘ ‘precept” (in 


the words of General Kramer) that guided the ‘recently | completed Panama 


convert to sea level | was ultimately inevitable when, for reasons of expediency, — 
‘economy, and speed of construction, the lock- -type ¢ canal was chosen. The __ 
_ Governor’ s recommendation to ( to Congress under the provisions: of Public Law a 
No . 280, Seventy-ninth Congress, s, that the ‘present Panama lock canal be 
4 con nverted at once to sea level, in effect implements a decision that was implicit 
ence during World War II and of recent weapon developments, the Governor’ s. 
recommendation i is as inescapable as i it is timely. 
given to the problems of f navigating | the proposed sea-level canal. In his 
discussion of the Symposium, he draws conclusions that should be reassuring 
- those having latent m misgivings and should satisfy even the most skeptical 
easy waterway for the navigation of ‘ships. 
General Pillsbury and Professor Bakhmeteff strengthens the case for the use of 
the computation method in evaluating conditions that would obtain i in water- 


Canal Studies; but, by test, proved to be a logical fo forecast that the decision to 
gia 
in the acceptance of the lock canal in the first instance. In the light of experi-— 
<4 Captain Nichols has had ample ‘opportunity to evaluate the consideration 
= the proposed canal will be entirely adequate and will provide a safe and 
Acceptance o of ‘the tidal computations for the Panama sea-level canal by 
ways of this kind. «At is the view of the writer that for future waterwa: 


projects the large expense of model studies may 1 well be avoided where (1) the — 
extreme tidal conditions are reasonably predictable, (2) the ‘channel 


2**Report of the Board of ee: Engineers for the Panama Canal, 1906,” U S Govt. Piloting 
Office, Washington, D. C., 190 
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and (3) uted currents 
countered in the Cape Cod Canal (Minnenciinedtta) —dat is, of the order that : 
may be expected i in the proposed Panama sea-level canal. 
sit is hoped that the extensive investigations in the sea- a-leve el canal model | 
suggested by Pr ‘ofessor Bakhmeteff can be undertaken. Steps have been n taken 
to protect and preserve the model in good condition for just such purposes. 
Professor Davidson’s interesting analysis gives clarification to the 
scriptions | in the Symposium ; and his acceptance of the model experiments 
related to the handling of ships in restricted channels adds authority to the 
testing method. Professor Davidson notes that in this testing the model 
oper: ator (pilot in this case) i is of vital impor tance to the effective oper ation of 
the model. The writer was impressed by his unqualified statement, when he 
deduces that perfect equilibrium may be difficult to attain, that: “ ** * approxi- — 
mation to equilibrium i is good enough i in practice * oo ”” Professor Davidson’ a 
analysis of the model results by application to an actual sailing problem pr o- 
vides a clearer understanding than can be gained from an examination of the | 


test results in mathematical and _ Professor 


conclusions more | omission is the of the 
limitations in scope of treatment agreed on by the several authors to insure 
port coverage in the ‘several | Symposium Messrs. Lee 


familiar with the Carderock (Mad. ) tests. 
Messrs. Justin, Fucik, Hill, and Casagrande have contributed interesting 
sidelights | on the Cucaracha formation, w hich i is the most tr eacherous that will 
be encountered in the excavation for the sea-level canal. * Mr. Fucik’s analysis 
of the safety factor suggests that certain chances might well be taken with the 


Cucaracha- to the volume of initial excavation with: the expectancy that 


pr problem, may - not “entail total quantities approaching th those t that t would be 7 
excavated initially if a high factor of safety is selected A ‘rather ‘complete 
-analysia by Profess asagrande of what may happen subsequent to the com- 
pletion of the sea- -level canal makes it: it clear that a slow movement of the Cu- 
~ caracha toward the canal cut may be expected i in a any event. . This w was the 
view of the staff employed on this phase of the investigations and was the 
‘consensus of the consultants. None felt, however, that there was a “risk 
involved, since movements would | be very slow and the. quantities 
_ involved r relatively : small. Thus the material could be readily « excavated as | it 
‘moved into the canal. Because of the great depth and width of the proposed | 
canal there would not be interference with traffic as a result of such movement 
of material or in the > operation of equipment i in its removal. . 2 aera 
fx Mr. Hill indicates that the method of analysis employed in establishing the 


of the is reasonably reliable. There is a , seeming point of 


_ the view that the proposed slopes may be conservative and the latter the view 
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tha t they may not actually be conservative enough. : Those are really ex- 
pressions of the same opinion with respect to the future behavior of the Cucara- 
cha from two different viewpoints—presumably Mr. Fucik’s sis related to that 
of probable ultimate | cost whereas Professor. Casagrande’s is related to the 
quantity | of -Cucaracha material that may ultimately have to be caged 
“Both seem to agree t that there will be 1 some movement of the Cucaracha, ‘and 
both a are e fully ¢ aware of the need for further laboratory and field investigations, 


for which have been in Governor’ ‘teport. Fortunately 


if any should occur. wi hether the safety factor can be reduced is 

a a design consideration; a reduction undoubtedly would not be undertaken 1 ‘unless 
the investigations in the course of design and construction warrant such action. 
The admonition by Mr. Cedergren that. oe new terrain must be 

pores closely for indications of old slides, and obviously unstable terrain 

avoided whenever possible” i is one that will surely guide those who undertake 


the design and construction of the proposed s sea-level canal. Srey 
«ti is” believed that the estimates of cost provide fully for the difficulties in 
the dry | excavation and in the 1e disposal of materials by scows foreseen by, Mr. 
7 McAlpine. The excavation and the handling of large volumes of material will 
both stimulate and support improvements of equipment and of method as 

"construction progresses, but for reasons of conservatism of estimates: this 
- possibility has been discounted to provide against unforeseen contingencies. 
_ General Covell presents an interesting analysis of the savings that would 
have resulted had the Panama sea-level canal been constructed as recommended 
by. the majority of the Board | of Consulting Engineers i in 1906. General 

Covell’s presentation of the views of both the majority and minority of this 
won in its st to renee Theodore Roosevelt rounds out vee discussion 


_ Professor Hobbs’ design for | a ‘sea- arlevel canal at Tehuantepec (Mexico) 

- completely overrides the conclusions a as to channel requirements established 
by” the investigations and tests under Public Law N No . 280 and presented in 
the Symposium, and ignores ‘minimum acceptable hydraulic standards. for 
constricted ship channels. 7 A one-way channel 175 ft wide which he proposes 
cannot be reconciled with : a lock, 200 ft i in minimum width, established by the = 
United States Department of the Navy. The excavation javelved in the canal 
‘suggested by | Professor Hobbs is given as ‘approximately | 400, 000, 000 cu yd 
than baad proposed Panama sea-level canal, For a sea-level canal with 
ity of 

tion would that for the Panama, canal. 

a -* one-way tunnel, 63 miles long, would be a serious bottleneck to traffic. 
co locomotives would be required (for large ships at least) in the tunnel» 


section and in in the proposed single-way open channels. Under the most favor- 


able ¢ conditions, : almost 2 days w ould be requir red for the transit of such a canal; 


delays waiting to transit the tunnel would penalize ‘The 
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. expense of installation and operation of towing equipment is apparently ov er- . 

- “7 looked by Professor Hobbs, as is the fact that a new canal at any place other 

t * than Panama would re require duplication ¢ of defense facilities and of administra- 


tive facilities, housing, shops, harbors, dry | docks, ete. ‘ at a 1 cost that may be : 


expected to exceed $1,000,000,.000. | 
_ The defense agencies take the v view that a ship tunnel could be closed by * 
“demolitions despite t the portal construction of the type ‘proposed by Professor 
Hobbs. Forced ventilation for the disposal of stack gases and lining of the © 
tunnel to prevent the falling of spalls or large blocks of rock on passing ships 
_ apparently are considered unnecessary | by Professor Hobbs. If aship tunnel , 


Teh acceptable, the San Blas route would be much more favorable than the | 


> 


Tehuantepec route recommended by Professor Hobbs. > oe 
‘The reduction in travel time using the Tehuantepec route, where not offset 
by delays in transit , would apply principally to intercoastal shipping which i is 
about 30% of the total traffic. For many trade routes the port-to-port ont 
distance via a ‘Tehuantepec canal would actually be increased. The net annual 


saving in ship | operating costs, if "capitalized, would not justify the selection 


of the more costly Tehuantepec route. 
In his list of Professor Hobbs concludes that the combination 
the highest degree « of security. _ Mr. Jarvis has somewhat the same view y with 
_ respect to the combination of the Panama parallel sea-level canal and the © 
present lock canal, Because of its vulnerability the lock canal ul would con- 
tribute nothing to security; ; and it would not be required to ‘supplement the 
capacity of a sea-level canal . Therefore, the lock canal should be scrapped, — 
rather ‘than continued on either an operating or a stand-by basis at high 
; expense. Iti is not apparent to the writer in what sense or degree the Tehu- 
antepec canal would be less vulnerable to an attack than the proposed Panama 
sea- -level canal as ; contended by Professor Hobbs. Rather, the reverse would 
seem to be true because of the highly vulnerable tunnel and tunnel portals and 
‘the narrow channels and because of its greater target length, = Se 
Mr. Dohn proposes that the canal be justified as an economic enterprise - 
and suggests: : (1) Increase of tolls and (2) decrease in canal ¢c construction i 
An increase in tolls in terms of the cost thus to be amortized would drive shipping co 
away from the canal. His desirable objective of decreasing construction costs 
will undoubtedly be sought by those who undertake the canal construction. 4 
No one intimately familiar with the geologic formations and other local condi- 
tions would propose the use of the hydraulic giants for the excavation, or the 
development of power to be disposed of subsequent to construction. 


Mr. Romanowitz voices the conclusion that rock excavation using heoewvedl 


that, since the of type of dredge in the construction 1 of the 
Present canal, there have been major improvements which would reduce, very 


very effective job of rock pistes in the Panama Canal construction during 
its hours of operation and that only plant breakdown adversely affected its” 
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-_ Mr. - Massey notes that no mention is made of the adv isability of excavating 
ee depth of 130 ft with special dredges operating ot on Gatun Lake and, after 
lowering of the lake, of excavating to final project depth (15 ft of material). 

- This procedure was considered but was left for decision in the course of actual | 
construction. The bucket-ladder dredge will be tested fu illy before commit- 
ment is made to perform all deep rock dredging with this type of equipmen 
Mr. Erickson suggests | the use of a 60-in . hydraulic dredge for yi al 
‘th softer rocks and shales without blasting. Unfortunately a a major part of 
- the deep excavation in Tock will require blasting. _ Nevertheless, in the design | 
a per iod consideration should be. given to the s size of the dredges, speed 0 of cutter, — 
Mr. Kazmann questions the advisability of expending large sums of money 
on the proposed s sea-level canal and makes” ‘comparisons with such projects 

as the Saint Lawrence Seaway, the _ Missouri Basin development, and 

Tennessee Valley Authority ‘to the detriment of the proposed. canal in ite 

relation to national existence in the event of conflict. I In reaching this con- 

“eae Mr. Kazmann assumes: that the canal project on ‘the one hand and the ; 

development of national resources on the other are mutually exclusive. The 

extension of this reasoning would condemn the appropriation of funds ee the 
further: development of the atomic bomb and the development of rockets and 
i improved airplanes and, in fact, for anything pertaining to the national defense. a 

Ins any event a compari ison of the canal project with other dev elopment. projects: 

was beyond the p purview of the report, and the determination of related y pr iorities — 
among such projects is a function of Congress. 

is regretted that, the Symposium led Mr. . Kazmann to the conclusion 

that the investigations under Public Law No. 280 hardly bothered with the 

“point: one [a sea-level ca canal] needed?’ Space limitations and se- 
curity: considerations may have resulted in an inadequate demonstration of 
the -essentiality of the sea-level canal to th the national defense and to the well-— 
being of the American people; but the study 1 never theless went into this problem 
_— exhaustively. From an examination of the Governor’ s report, the National 
ot Defense Establishment including the ‘Joint Chiefs of Staff and the Department 
of the Navy, which has a special interest in the problem, fully y supported and 

- endorsed the need for a Panama sea-level canal. There is ample engineering 

proof contained in the classified studies for this conclusion. — _ Professor E Edwards © 
notes that wee * the question regarding the type of canal could be answered 
no such detailed technical studies.”” ‘To the writer it also appears that 


by taking thought even a layman could not fail, from a knowledge of the 


ss features of the two types of canals and of present-day weapons gathered | from 
aes popular press, to arrive at the same conclusion. | oo 7 


an 


Mr. Sheldon makes some pointed observations on the foundations of 
structures on Atlantic muck and warns against slides in this material after the 
lake has been lowered as the result. of of overloading: the. canal banks with spoil 
The ‘setbacks the canal slopes” in the Atlantic -muck ‘to the | 
= of the spoil banks established in the studies are e tentative :3 n the final © 7 
-_- these and the rate and manner of disposal of spoil —_— should be. 


carefully reviewed. Mr Sheldon concludes” none ‘the p ssibilities of 
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failure which he describes constitutes a serious threat to the sea-level canal 


project; nevertheless, these possibilities should be anticipated and avoided in 


The statements by Mr. Cole that— 
| ‘““* * * the investigation of ‘the canal under Public. Law No. 280 (Seventy- ‘ 


nin th Congress, First Session) was solely directed toward securing the 


q premise. that the present. lock canal ‘is totally lacking in security to meet 
the future needs of national defense,’ and that the only alternative is a 
sea-level canal.” 


= 


answer: Is an expenditure of $2,500,000,000 justified at Panama or else- 


“It is fair to ask the question, and insist upon a truthful and an var cae 
_ where on ” Isthmus for any canal, lock « or sea level, , under bead circum- 


> 


“The estimated first cost for ‘converting’ the lock canal to sea level, of 
$2,483,000,000 alone (which appears to be grossly underestimated), is _ 


prohibitive, unless the cost is to be bor ne by the national defense budget.” 
—have the effect of impugning the integrity of the ‘organization employed 


on the studies 1 under Public Law No. 280—the Governor of the Panama Canal, 
the Board of Consulting Engineers who fully concurred in the conclusions pe 
recommendations reached i in the studies, and the author ities of f the National 
Defense. Establishment, including the Nav y General Board and Joint 


atomic ‘lets. the 1 ‘wie has disinclined to reply 

such charges; but, since they have now reached the Society’ s publications, 

the writer challenges them and expresses his resentment of these implications. 

Honest differences of o opinion are certain to develop conn many features of the 

canal problem, now as in the past, but they should be expressed without ~ 


invidious implications used by Mr. Cole. 


Mr. Cole’s- charge that Congress and the government officials had “the 
predetermined ‘objective of seaclevel project” is best answered by the record 
— of Congressional hearings and debate on the bill which became Public Law 
Mr. Cole and ‘Captain Little both note note that the investigation reported | in 
the Symposium was not directed toward securing any major improvement in 
the operating deficiencies of the present lock canal. In Public Law No. 280, | 


Congres: ess directeda 


realistic and comprehensive It was 
that the factor of the operating deficiencies of the present canal was a con- 
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— comitant phase of the studies and this was looked into fully. It is unfortunate 

that the details of the studies could not be presented within the scope of the — | 
_ Symposium ; never theless, the designs of the lock canals studied ‘neorporated 

features to correct the noted by Mr. Cole in his references es 

fully set forth in the Governor’ 's report. 

Lest it be gathered from Mr. Cole’s discussion that the present — i 
unduly hazardous to shipping, it should be noted that the accident records of 
all the major waterways throughout the world were carefully examined oe 

& was found that the Panama Chaed ie is as safe, from . an operating viewpoint, 

_ as any other major waterway. - Damage to ships in in more than 200,000 transits — 
~ through the Panama Canal since it was placed i in service has required repairs 
4 at an average cost of $7.45 per ship transit. uly this is a notable record and 
8 complete : answer to those who have dwelt unduly on the operating deficiencies — 
of the present canal. The facts are well recognized by marine insurance ul under- 

writers, for they attach no special risk to the Panama Canal. a 
Mr. Cole does not identify the authorities who have expressed the ¢ opinion 
_ thata any type of canal is definitely vulnerable to the atomic bomb. To weigh 
any such ch statement, 1 the damage must be related to the period of closure > that _ 
would result from atomic bombing. In the case of a sea-level canal this would 


4 be a matter of weeks at most. In the case of a lock canal it would be a matter 


of years, for if Gatun Lake were lost it v would take 18 months to recapture 
Bee vars water to make the transit of the canal possible and to this there must 
be added the necessary period for repairs and reconstruction to make im- 


poundment possible. is not understood, as contended by ‘Mr. Cole, how 
* the major premise (national on which the recommendation 
for ‘converting’ the canal to sea level was based, has now definitely been re- 
meds ?: or - how he reconciles this conclusion with that of the National Defense q 
Establishment that only : a sea-level canal will ll serve t! the future needs of n national — 


defense. _ It would be interesting to have an evaluation of the effects of con- 


authorities to 1 whom Mr. Cole alludes. 
Kirkpatrick evidently holds with Mr. Cole that of the 
operating problems of the present canal will provide for the future needs of a 
- commerce and the national defense, thus satisfying the ri requirements of Public 


Law No. 280, Seventy-ninth Congress. 
Mr] Kirkpatrick’s warning | that: “* * * going down 100 ft further [below 
the present canal bottom] * * + is daringly unprecedented « even to the point 
q of recklessness” suggests that had the ] Panama Canal constructors taken 
- counsel of such fears they would have abandoned the undertaking, for they too 
had nothing to go on but, to use Mr. Kirkpatrick’s words, “geological con- 
jectures.” Their conjectures, moreover, were on much sketchier basis than 
are those of today, for out of their gr great accomplishment there is an accumula- — 
‘tion of knowledge and of experience which, supported by present-day tech- 
niques of exploration, test, and stability analyses gives assurance that none > 
of the dire events which apparently haunt Mr. Kirkpatrick will happen, . 
Inspection by the Panama’ Canal engineering staff of of certain mining 


= ations disclosed that the bucket-ladder-type dredge i is | capable of lifting 
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boulders and rocks” very uch larger the “This j is wae 


any making his pare that the ladder- 
dredge would not be efficient in the removal of f large boulders or hard rock, 
Mr. Erickson indirectly | emphasizes the importance of adequate | drilling and 
blasting. 
ai Mr. Jarvis is s of i the eplaion. that tidal-regulating works are unnecessary 
His studies of the Cape Cod Canal and actual operating experience there ive, 
authority to his conclusion. . T here is considerable merit to the Panama parallel 
sea-level canal, : as pointed | out by Mr. Jarvis. _ How vever, it was the e conclusion ; 
of f the B Board of Consulting Engineers, as wall as of the Panama Canal au- 
thorities, , that the advantages did not outweigh the additional estimated cost 
of $800,000,000 for a sea-level canal on the Panama parallel route. 7 Moreover, | 
since a single sea-level canal would fulfil the future needs of commerce and 
national defense there would be no justification for subsidizing, in addition, 
8 lock canal that could be rendered useless even by light bombing, | 
‘Much has been written (as Captain Little remarks) about the capacity ry and 


time of transit of and, contrary to Captain Little’ s 


effort to arrive at without creation of any impression, exaggerated or 
minimized, contrary to the truth. re eee 
Captain Little is ‘apparently in disagreement with the use of the. term m 
“capacity” as defined and employed in the Symposium. The canal, of course, 
could transit the number of ships computed by Captain Little, if thoes ships 
reached the canal at the unvarying rate of 36 a day—that is, if shipowners 
would tolerate delays of the necessary, and in individual cases uncertain, 
amounts of time > required to realize such an assumption. If one were to take 
for illustration the: capacity of 13,140 ships per yr (designated by Captain 
Little) (36 ships x 365 days) o: one would from Table 7 that the abnormalties 


traffic i is 130% of the e daily average; on (140% pont days, 336 ship-days delay; 
and, on 150% peak days, ship-days. delay. Using ship- -operating cost 
dts furnished by the Maritime Commission, the delay penalties inflicted on 
the shipping industry for such peak c days only would exceed $3, 000, 000 annu- 
ally. For all delays, taking into account every day on which shipping would 
he delayed because the veined of arrivals for transit would exceed the ve 


a Captain Little evidently does not take exception to the indisputable fact 


that there i is a wide daily fluctuation in traffic a for transit of the Panama 


his of the capacity the Panama Canal by 

assuming that the daily fluctuations can 1 be e easily ironed out. This same 

problem, the ‘cost imposed by ‘peak loads, plagues many of man’s activities, 
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as engineers are well aware. The electric a and rapid transit industries would © 
be be grateful for a pr -acticable solution of it. _ They have not been able as yet, in 
Captain Little’s triumphant phrase, to “control them [peak loads]!” aad 
- It would be interesting to have a canvass of the shipping industry to as- 
certain its views on Captain Little’s proposal of “controlling sailings to, 0, or 
arrivals at, Panama.”’ The evident procedure for establishing such control is: 
Speed up ‘endian or delay ships in loading ports or en route to avoid the 
peak traffic condition. An assumption as to the workability of the former 
implies that shippers now generally conduct loadings s inefficiently, and thus 


could at will i improve loading a to lessen 1 time in port to fit traffic call-up 


‘man- -imposed to overcome canal. operating | deficiencies that are 


in the ‘Symposium, ‘Captain Little. states: “No or “admiral 


cite quality of § service e that Congre ess s directed ‘the studies under Public Law 
No. 280, Seventy-ninth | Congress. — _ The report of the Governor is fully re- 
_ sponsive to the Congressional directive and his recommendation meets this 
_ objective and : also the additional one imposed by Congress, to wit—that of 
_ insuring that an enemy cannot seriously interfere with the capacity performance 
of the canal, no matter Ww hat weapon is employed. | By using military opera-— 
tions: to analyze transit time Captain Little gives only a part of the picture. 7 
& peacetime the Navy traffic through the canal is less than 15% of the total. . 

Commercial traffic, w hich constitutes the remainder, w would most. certainly 
reduction in transit time and resulting savings. 
The answer to Captain Little’s ‘objections to the conclusions reached in 

7 ‘the studies with 1 respect to the vulnerability | of the proposed sea-level canal 
is given in the w riter’ 8 paper and elsewhere i in this closing discussion. _ Specifi- 


-eally it is stated in the writer’ 8 paper (\ (under the heading, * ‘Security of the 
Panama Sea-Level Canal”) that: 


“The tidal -regulating and structures of the sea-level 
- would not be essential to its safe operation; hence their damage or Sentee- 
tion would result only in temporary interruptions to traffic. *** The 
-flood-impounding structures being of earth and rock would 
be highly resistant to bombing but, because they are not , absolutely, vital 
to the operation of the sea- -level canal, the costly treatment necessary to 
make them resistant to the atomic bomb would not be warranted. If 
damaged by bombing, the flood-control eileen — be readily repaired 


and restored to service 


These conclusions were the product of an study by competent exper 


and were formally accepted by the Secretary of the Navy, the Navy General 
J Board, the Joint Chiefs | of Staff, and the Atomic Energy Commission. . The 
ks of the studies are classified and cannot be published. SB goes without 
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saying that Congress, in ite hearings on the Governor’s report prior to the 

enactment of legislation, will have such ACCESS as: it desires to the ¢ classified 
, studies and can satisfy itself that the conclusions ¢ are tenable. ‘on BS 
The political aspect of the problem of conversion posed by Captain Little 
receive the attention of Congress i in its hearings. The Governor's 
in dealing with the problem raised | by Captain Little states: tt” - 


. “ Arrangements would have to be made » with the Republic of of Panama 
and compensation made to landowners for the right to inundate an addi- 
tional area of about 10,000 acres downstream from Madden Dam. The 
completion of the sea-level canal, however, would permit the return to 
Panamanian jurisdiction of lands now inundated by Gatun Lake and 


having an aggregate area greater than the additional area on which flowage 
rights would be needed.” 


such land “exchange the: present with are 
adequate to pene conversion of the canal within the Canal Zone. 

In us using the w words, “* belie it was a foregone « conclusion | that no scheme 
other than a sea-level canal at Panama would receive any real consideration 
under » the act”? Captain Little takes the position with Mr. Cole that some 
preconceived conviction guided those responsible for the studies. 

given to Mr. Cole i is extended to Captain Little. 


a The ‘color of language employed by the writer in stating ng that with ith iain ap- > 
_ proach of war the restricting effect of the small locks became intolerable on the 


. design of Navy ships seems to have bothered Captain Little. The literal fact q 
is that the 140-ft width of the proposed Third Locks, and the 200-ft width of 
locks used in the’ present studies, were established by the Navy. Captain 


Little assumes that the canal author rities established these w w idths from ‘ ‘guarded 


replies’ by the Navy to specific inquiries. is pure conjecture. His © 


leading question on the frequency of the use of the | canal by large « carriers or 
oversize battleships should be addressed to the Department. of the Navy. _ 
Captain Little takes exception to the writer’ statement on the naviga- 
_ tional of sea- -level and implies that fogs, heavy rains, and 


that can be 
said is is s that these ‘matters were e studied, it is believed adequately, and that the 


published report gives the data used and the conclusions reached from study 
of similar canals and from the advice of the pilots and various - naval and te 


The ca acity of the Panama sea- -level canal would not be 69 ships as stated 


Captain Little that for comparison with the proposed Panama 


“sea- -level canal there should be a lock canal with a Pacific terminal lake and 

without any protective features. Such a plan with | locks 200 ft wide was 

investigated. It would cost ‘$1, 600, 000, 000 approximately. _ A reduction in 
lock dimensions to provide “ 


Little, would decrease the cost of this plan in ees to the dimensions 


determined by th the Navy to be acceptable. «he 
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KE. Barbey’s views" cited | by Captain Li Little seem to be at 
variance with the official views of the Department of the Navy. Of the 17 000 
vessels which transited the canal in war years (33 years approximately), 30% qi 
were naval fighting craft. _ This fact would seem to refute the statement that: 


eee * the Panama ‘Canal has become sine + a secondary route for critical raw 


—= s in time of war.” It is devoutly to be hoped that the enemy will 
subscribe to Admiral Barbey’s view as quoted and Ww rill not attack the canal. 


profitable target whereas the s second might not. 

Se. In discussing target values Gen. Leslie R. Groves apparently did ‘not state 
that the Panama ‘Canal be an target a as by Captain 
Little. 


pee could inflict bat minor damage and so the first might be regarded as a ; 


industrial center. The answer to such a question can only b be an indirect one: 
Is the Panama Canal essential to national defense? The National Defense 
Establishment has found that it is. 
‘The Governor’ report and the Symposium have emphasized 
the urgent need for a -sea- -level canal to meet the future needs of national 


defense. As described in the Symposium | the of future traffic 


In 1970 they will total more than $3,000,000 unless plover measures to in- 
crease | canal capacity h have been undertaken. After 1970 ) there will be a sharp 
‘rise in the penalties ai arising - from inadequate capacity a averaging $20,000 000 
oy until 1980 when the added cost will be more than $70,000,000 annually. The 
heavy y financial penalties resulting from the failure to provide against, the 
deficiencies in canal capacity which will first be felt in 1960 will fall “upon 
shipping interests who must either accept delays or, , when | delays” become 
intolerable, route their ships around Cape Horn. Oo _ 
The cheapest method of increasing the capacity of the canal to. meet the 
= of commercial shipping would entail certain modifications to the | locks” 
of the present canal ata cost of approximately $130,000,000. | These corrective 
measures, however, \ would not add to the ‘Security oe Se or in any way 
reduce the risk of loss of the canal by enemy action. Since the penalties to 
- 7 “7 shipping | as a result of inadequate | capacity will soon become sufficiently op- 
ar’ pressive to cemand a large expenditure of public funds, prudent planning dic- 
tates that the remedial measures provide both for future traffic needs and for 
the requirements of national — The only answer is early conversion to 


pai If the lock canal is ever : seriously dena 7 enemy action, and par particularly. 
- if the damage inflicted results in the drainage of Gatun Lake, as would be the 


--:181 “Can We Defend the Panama Canal?” by Sidney Shalett, Saturday Evening Post, October 9, 


(1948, p. 


— 
| 
636 
| 
| 

a the question: “‘What if he does?” It may be remarked that a canal easy to | : 

| 
‘Tevealed Ui ays tos ¢ W De experienced 
= — traffic days” beginning about 1960. After 1961 the cost of delays at the en- 
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on the would mean of the to shipping 
for the 10-year period — for the construction | of of the sea-level canal, 


1960 the increased cost per year would be $500, 000, 000 ‘ond would » rise to 
$600, 000 000 per yr after 1980. _ Thus, unless, through s some expediency, early 
restoration of traffic in the damaged lock canal proves practicable, the increase 
‘in commercial ship-operating costs alone in the construction period would total 
approximately twice the estimated cost of peacetime conversion to sea level. 
The disruptive effects of the loss of the present. canal on the conduct of war 
abel with the penalties that would devolve upon shipping in the postwar — 

construction period are sufficiently alarming to warrant its conversion at once. 
If the lock canal is ever badly damaged, every effort would be made im- 
mediately t to restore traffic i in the lock canal if this i is ‘practicable. _ The first 
step in any ‘ease would be the restoration of the summit lake (Gatun Lake) — 
which in itself would greatly facilitate the conversion to sea level. W hether 


it would be possible, again, to place the locks in operating condition after 
enemy attack would depend on the extent of damage ‘inflicted. - Atomic 
‘bombing of the locks would require their abandonment. 

Even though restoration of traffic through the lock canal is found practi- 
cable, it would probably be on a restricted basis and a considerable part. of 
postwar shipping would have to be diverted around Cape Horn. Moreover, if — 
the sea- -level conversion is deferred until the lock canal is crippled by enemy 
action, the cost of the conversion would b be materially increased. The increase 
would result from the cost of the temporary repairs | to the lock ‘canal, from the 
"inevitable lengthening of the construction period, | and from the added diffi- 
= during construction | if the lock canal is: not t fully and adie. ; 

available for utilization in 1 effecting the conversion to a sea-level canal. 

- Dean Marston’s references to the studies by the late Sydney B. Williamson, 
M. ASCE, and those of the Interoceanic Canal Board lead the writer to ac-— 
‘knowledge that much dependence w was placed on these studies in the recent 
investigations: under Public Law No. 280. _ Dean Marston’s acceptance of the 
navigable pass and his ; conclusion that the canal would be navigable even if 
_ the tidal locks should be destroyed are noted with special interest as are his — 
views on the studies made to avoid ‘slides in the proposed sea-level canal. 
‘His appreciation of the fact that the present canal has been a full-scale labora- 
tory for the study of safe Slopes high | lights a consideration on which wale 

. ‘reliance has been placed in establishing the slopes for the sea-level canal. — 


P. Jonnson,™ M. ASCE, anp Sypney O. Srernsorn,’® Assoc. M. 
ASCE.—Captain Nichols has stated that use of the estimate of 1.5 ships per 


18 Chf., Eng. Div., Atomic Energy Comm., Los Alamos, N. Mex.; formerly Chf., Route Studies and 
Reports Branch, Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone. = | 


_ 9 Asst. Chf., Civ. Works Planning Branch, Seattle Dist., Corps of Engrs., Seattle, Wash.; formerly 
Engr. in Chg. of ‘Traffic St Studies, Special Eng. Div., The Panama Canal, Diablo ‘Heights, Canal Zone. — 
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JOHNSON AND STEINBORN | ON PANAMA CANAL 
lockage th through the present locks ‘may be overly optimistic for planning 


_ purposes. —«dAti is believed, however, that a brief elaboration of the derivation 

of this estimate will establish its essential conservatism. 

During the past 20 | years, , the a average ‘number of ships per lockage has” 
been about 1.2. - _ However, the canal has not had to operate near its capacity — 
and a greater percentage of tandem lockages would have been possible if 
required to meet’ traffic demands. Assuming: a@ group of 100 vessels of the 
length composition expected in the year 2000, the existing lock chambers 


— accept lockages composed as follows: 


Description 


anny ships long longer than 500 ft, singly 
“One ery of the 400-ft to 499-ft group with one below — 


4 


440 


(In Table 9, vessels are estimated to > increase in length; this: has the effect of 
reducing capacity and the assumption is thus conservative.) 7 In this manner, 
an average of 1.8 ships could be t transited per lockage. The soundness of this — 
determination was established by routing actual traffic on peak days of record 
_ through the canal without delaying any ship more than 2 hours. — - In the further 
- interests of conservatism, however, additional consideration was given to 
: delays that might be caused by attempting to | / compose lockages according to 


the foregoing | tabulation; for this reason the 1.8 factor was reduced to 1.5 for 


Captain Nichols questions: the applicat on of the 1.5 factor, which | was 


- determined | on an ‘annual basis, , to daily traffic. This question also arose 
during: the course of traffic and capacity studies a comparison of -day 


peak days 
in 1933 1939 


_ This co comparison 1 made it evident that, historically, there was little difference 
between the length composition of traffic on peak days and the length compo- 
- Sition a as averaged over many years. Thus, it was concluded that an estimate 


of 5 ships per lockage “was conservative for both annual and daily traffic. 


very \ well be days when few tandem lockages c: can be made. ‘Fortunately, the 

_ occurrence of such days will be rare and thus they have little design significance. 
_ a Captain Little has stated that “ ee very | little in the way of factual analy- 
- sis has been pt published on the actual ‘capacity’ of the Panama Canal * 7 
ot was the intention of the writers to correct this situation in preparing the 
section of of their por under r the heading, “Capacity | of the Present Panama 


« 
— 
Remaining 400-ft to 499-ft ship, alone............. 
| 4 
— 
Length of ship, in feet 1921-1940 
4 100.0 1000 
| 
— 
— 


Canal. 
which established the capacity of the locks, described the effect. 
of fi fogs, one-way night traffic, and ‘clear- cut” transits. Similar treatment 


was given to the capacity of the locks during the overband period and finally, 


The conclusions thus summarized were » the “results ‘of months of | intensive 
analysis of lock op operations, in which the researching engineers consulted 
frequently with the experienced lock operating personnel of the Panama Canal. 
Whether or not the capacities shown are “actual capacities” will not be evi- 
denced until the demand for transits requires that operations conform more 
or less closely to the procedures and timing evolved | in n the course | of this in- 
_Itis certain, however, that, in referring to capacity, the w “on are not dealing - 
with annual capacity. The capability of the Panama Canal i is similar i in some 
ways to the peaking capability of a hydroelectric power ‘system in that it is 
- established b by its: performance during a critical period. In this particular 
a 
instance, the critical period occurs during the 4-month biennial lock overhaul. 
Its annual capacity has little practical ‘significance because it is manifestly 
impossible to expect shipping interests to wait until after the 4- month overhaul 
period to be assured that their ¢ cargoes will move without being delayed in 


is “equally impracticable to speak of controlling shipments during the 


overhaul period in order that peak traffic days may never materialize. — ‘It is 


impossible toc conceive any amount of planning, short of that which might be 
possible in a world totalitarian state, that would prevent traffic peaks at the — 
Panama Canal. It should not be forgotten, however, that rigid traffic control 
does exist in Canal Zone waters. _ Whenever the dispatchers are confronted 
with a backlog: of ships awaiting transit, ‘scheduling is accomplished with con- 
siderable skill and efficiency, the limiting features of the transiting program 
“being se set: | by the p physical plant of the waterway. 


Captain Little’ s inferred recommendation that traffic be controlled by 


increased tolls for transits | during peak traffic periods i is sl Faced unacceptable 


n 


isa in service which is not to the industry. 
This fact has been brought out by Captain Nichols in his discussion: _ 
“Upon release of the biennial lock overhaul schedule for the winter of 1947-_ 
1948, several local steamship agents inquired as to the probability of delays 
to shipping. _ They stated that their principals, engaged in shipping between 
the Antipodes and Europe, had intimated that delays would —_— in re- 
routing via the Straits of Magellan or the Suez Canal.” 


- The Panama Canal has a fine record ¢ of efficient public service; it was ; built 

as an asset to national defense and as an aid to world trade. . Its. defense has _ 
now become a major problem and its inadequate capacity will soon begin to 
complicate | world trade. Therefore, , it is time to think about modifications — 
that will solve the defense problems and that will permit the canal to continue 
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— 
Brown, 140 ASCE. —The writer c concurs with Mr. Edwards that the 
pen Gatun wlhew. does not have the capacity to handle the “spillway de- 
sign flood.” ane However, the statement questioned by Mr. Edwards that “ “The 
control afforded by Madden Lake has largely ended the likelihood of — 


‘Maajor flood disturbances in the present canal” was not intended to refer to 


in reducing in the canal at at the ‘mouth 


of the Upper Chagres River. 


J. S. Meyers! anp E. A. 142 Assoc. MEMBERS, _ASCE ——The 
> rious interest evinced by the panne of this paper is gratifying. 7. Because 


— General Pillsbury’s s ae the precision an and the reliability of velocity 
ee mputations is a welcome amplification of the condensed explanation made in 
basic paper. Professor Bakhmeteff’ discussion, written in similar vein 
but directed toward a more general appraisal of | the entire tidal- hydraulic 
problem, is al is also a a very welcome addition to the briefer summaries in the original 

on the scanty of channel 


under the heading, 

“Hydraulic Roughness of Large Channels: ‘Roughness Data on Large Channels 

from Other Sources”) really indicate the true situation. The writers agree 

that more data need to be “measured which may 


ite supported by the information that was 
ee was expressed also in the roughness measurements made in Gaillard 
, Cut. The uncertainties inherent in such observations, as indicated by Pro- 
fessor Reynolds, were recognized | ‘and overcome as far as possible. It was a 
source of some ‘Surprise to the writers that the measurements were so consistent on 


and § successful, and that the anticipated ‘difficulties did not prove to be ser ious. 
‘The measurements of velocities and of cross sections posed no difficult problems, 
but the determination of the very small differences in water level was ap- - 
proached with great trepidation. Fortunately the weather was ideal for the 
purpose on all three nights when observations were made, and careful and in- 
telligent observers w were secured. There was absolutely no discernible wind 
from sundown to sunrise; the water had the glassy appearance characteristic 
* perfect calm; and barometric pressures were steady. 

“Surges erented by operation of the lock valves persisted, with diminishing — 
Peg throughout the tests. Consistent surge patterns were observed at 7 
each of the hook gages; and, after the lapse of a few hours, the difference in 

1 Chf., Eng. Div., Seattle Dist., Corps of Engrs., Seattle, Wash.; i of Gen. Eng. Branch, Special 
Eng. Div., The Panama Canal, Diablo Heights, Canal Zone.| 


‘Ml Hydr. Engr., Bureau of Reclamation, Salt Lake City, Utah; Semi Chf., Hydr. ‘Section, Special 
Div., The Panama Canal, Diablo Heights, Canal Zone. 
__ 2 Head, Hydr. Research Section, Corps of Engrs., Charleston, S. C.; formerly Engr.-in- -Chg., Hydr. 
- Models, Special Eng. Div., The Panama anal, Diablo Heights, Canal Zone. ie 
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level between trough and crest of a surge dugeed to approximately 0. 010 ft. 


Average water levels used were those taken over an 86-min period—the ine 
the mea for a full surge The roughness coefficients computed from 


r. 


sistent, in | spite of the very ‘flat ; slopes at and the e considerable irregularity in. 
cross-sectional area for successive reaches . The results are firmly believed to 
be reliable, and not just the product of a a series of fortunate pagreements. = 

statement (under the heading, “Model. of Sea-Level Canal: Model 
Scale”) in the paper that the resistance coefficient for the model ‘* * was 


the measured velocities and differences in water | level were remarkably con-- 


found to correspond to the selected Manning coefficient of 0. omerse 
should have been better explained. Actually, the roughness “coefficient for 
the concrete surface of the model was 0. O11 when computed | for the measured 
model velocity (Fig. 38(4)) of 0. 37 knot, in the model channel 0.6 it deep voll 


sets of model observations, for the different test channels and for an in. 
in both directions, | gave model roughness « coefficients varying from 0. O11 to. 
0.012, corresponding to prototype coefficients from 0.024 to 0. 026. : Sie 
The question was raised as to the ‘Teliability of water-level measurement 
in the model by recording gages es and hook | gages, in contrast to the 1 measure- 
=. ments obtainable by point gages. Actually, point gages mounted directly 
4 over the model channel were used in a number of tests as a check on the indica- 
- It was found that hook gages, on which long series . 
= of f successive readings could be. made more quickly and easily, also gave more > 
By the use of small stilling cans and con- 
necting pipes of ample size and ‘the shortest possible length, water levels in 
the hook-gage wells were made to follow those in the main channel without 
perceptible deviation. To o insure reliable water-level data, the model was left 
7 filled with ¥ w ater a after each -day’s operation, and all gage zeros were checked 


7 each m morning x from a still pool. _ This method "although it was never popular 
; with the individual whose turn it was to reach the model at 4:00 a.m. in order 


te to complete the series of zero readings before daybreak, was much quicker | as 
well as more agg than the alternate m method of spirit leveling. _ Machined 


7 and 2 an a onliiecy tke gage in n the ‘stilling well of each recorder, made it easy te 
to keep account of the small variations in zero that did occur, and to make 


_ daily corrections when necessary, 


‘The automatic recording gages were convenient for making adjustments 


modified and they w were e less precise and dependable than the hook 
gages; so the latter were used for all record runs. Electric water-level indi- 
——cators of of several types, including the type developed for the Cape Cod model, 80 


were considered for the Panama model. _ However, the comparatively gradual 


_ 48 “Surges i in Panama Canal Reproduced in Model,” by F. W. Edwards and Edward Soucek, 
actions, ASCE, Vol. 110,1945, p. 345,00 


“Electrical Water-Level Control and Recording Equipment Model of Cape Canal, 
. L. Hazen, Electrical Engineering, F ebruary, 1937, p. 237. 
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= in an outdoor installation for widely se separated m measurement palate, 
as well as the probable delays in design and manufacture of such equ equipment, = 
soon led to decision against the electric gages. 
Od _ Mr. Horton refers to the velocity estimate of 2.6 knots based on the —— 
-wein formula. | This estimate was made in 1924 by the United States Coast and 
Geodetic ‘Survey at at the ‘request of tl the Panama Canal, and was included in the 
= basic } paper more as a a point of interest than as a carefully considered prediction. 
The writers do not know the basis for the statement of the Coast and Geodetic | 
° Survey that the 2.6-knot estimate agreed with the observed values at Cape Cod. : 
It should be remembered that the Cape Cod Canal channel was then a aah 
- shallower and narrower waterway, and the body of information developed 
4 during the e investigations for the enlarged -d Cape Cod, Chesapeake and canta 
Panama canals did not then exist. 


‘a - Since the p paper was prepared, several letters on the saat a tidal velocities 
were exchanged between the Panama Canal and Johan van Veen, chief e engineer ad 
of t the Rijkswaterstaat of the ‘Netherlands, whose work has been referred to in 
the discussions. 105 Using methods developed for use in the many tidal canals — 
in the Rhine low lands, Mr. van Veen made an independent ‘computation of 
_ velocities for a Panama sea-level canal. 1“ His predicted velocities agreed 
-_ throughout the tidal cycle v with those ‘computed by» the Pillsbury 
= and provided further reassurance 0 of the ‘reliability of the existing 


computation methods. 
The description by — Allan of the steady-flow for the 
limiting: values for velocities is a useful addition to 
The | general agre 
‘ie was very reassuring in the por stages of the eeeme investigations 
before other supporting evidence had been developed. 
“a For the information of those who wish to make detailed « comparisons of the 
computed steady-flow velocities | (Fig. 113) with the velocities obtained at 
Panama (Figs. 35 and 36), it should be stated that the canal channels s used i in 
the two instances were not quite the same. . Dean. Allan used an effective chan- 
nel length of 220, 000 ft with uniform side slopes of of 1 on 1, whereas the examples 
in the basic pa paper were for the finally y recommended length: of about 200,000 
ft with side slopes varying from 1 on 2. 5 to 3 on 2, as indicated in Fig. 30. 
‘The steady-flow method is regarded by the writers as a desirable check on 
= maximum velocities estimated by other methods, but not as a satisfactory 
substitute for a more complete computation method. It was found, after 


=e became familiar with both procedures, that a Pillsbury computation : 


19 ‘Analogy Between Tides and A. C. Electricity,”’ by Johan van Veen, The Engineer, November 28, 
4 _-4Estimates of Tidal Currents, ” by Johan van Veen, Isthmian Canal Studies 1 Memorandum No. 299, 

oD iablo Heights, Canal Zone, February 18, 1948. 
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Hs: _ investigation as a check on the validity of the computation methods. The 
0 gat writers agree fully with Mr. Horton, however, in the belief that the computa- { 
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did net take much ‘more time than a steady-flow computation. _T The expendi- 
ture of “many y thousand man- hours of computation,” ” as stated by Mr. van Veen | 
and cited by Dean ‘Allan, was never needed at Panama, although such an 

amount of time might well be required for the highly complicated networks of | 
canals with which Mr. an Veen was” concerned in the Netherlands. 
¥ aie as can now be ‘recalled, it is believed that little more than 1,000 man-. 
hours of computation time were expended for all the sets of velocity com- 
-putations made | by the Pillsbury method during the 2-yea r period of the 


investigation, 


Mr. Massey’s suggestion of the possibility of reducing av verage e velocity by 
‘transverse submerged dikes is of interest. _ Tests made i in 19: 33 at the United , 
States Waterways Station" in Vicksburg, Miss., indicated 
this idea would be helpful for the uation at the outlet of Lake Huron, where 
it was desired to raise the lake levels and thus produce deeper water in the ~ 
harbors. | _ The conditions for those tests were different from those » that would 
be f found i in a sea-level canal at Panama, how ever, i and the he results of the earlier . 
- tests apparently should not be applied directly to ‘the Panama situation, = 
_ Since the proposal for transverse sills would inter fere with 1 the passage of © 
larger ships than those now in use, and particularly | with emergency transits of 
crippled ships, it would probably not be acceptable from a navigation| stand- 
_ point, but the effect of such sills on velocities could readily be determined by 
tests on the sea-level ‘model. _ Restricted channel tests on the perfc formance of 
models. operating over sills have already been ‘recommended as a. 


feature of a schedule of further idee to be under taken if a sea- level 


canal project is approved. 
Professor McNown’s discussion, showing the close correlation betw een the 
observed sinkage values for the ship models and the theoretical change o of level 
computed by the Bernoulli relationship, duplicates an analysis 1 used for 
checking results during tests at the Taylor Model Basin. An explanation of | 
this a1 analysis w was one of the items omitted from the Lee-Bowers paper because 
of space limitations, but it has been explained in the later Taylor Model Basin 
| evades on the restricted channel tests. W. van Lammeren,'*’ among others, © 
has also worked on this subject and developed equations | similar to Pealeuar 
~McNown’ s Eqs. 7 and 8. _ The comparisons between theoretical and observed 


| 8 sinkage on ship models as plotted in the Taylor Model Basin report are vir- 


ually identical with Fig. 117. 

ie In 1947 sinkage was n measured on four full- sized ‘ships transiting the Panama 
Canal, for a ¢ comparison between full-scale e observations and the theoretical 
values indicated by the Bernoulli relationship. — _ Two measuring stations were 
used: One i in Gaillard Cut where surface width was 370 ft, water depth was 
46 ft, and cross-sectional area was about 15,000 sq ft; and one in the u upper end 


_ of Gatun Lake where surface width was 1,100 ft, depth in the navigation channel | 


___ _¥45 "Experiments to Determine the Backwater Effects of Submerged Sills in the | St. Clair River,” 
U. 8S. Waterways Experiment Station, Vicksburg, Miss., April, 1934. 
46 ** The Performance of Model Ships in Restricted Channels in Relation to the. a Ship | 
by R. S. Garthune, B. Rosenberg, D. Cafiero, and C. R. Olson, David W. Taylor Model Basin Report No. 601, 
“* Weerstand en Voortstuwing v van ‘Shepen”’ (Resistance and Propulsion | of Ships), by w. van 
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was 46 ft, and cross-sectional area was about 35,000 sq ft. Ship speeds were 

rom 6 knots to 7 knots past the first measuring station, and from 9 knots to 
knots past: the second. Measured sinkage for individual transits varied 
from 0.37 ft to 1.9 ft, w rhereas computed theoretical sinkage varied from 0.37 
to 1.3 ft. the computed sinkages were good approximations of 


us 
f 


: better ‘control, and any observations could. be e repeated, but the 


validity of the analytical method was well demonstrated. 


A. anp C. E. Bow ERS,“ JUNIORS, ASCE.—The discussions of this 
paper are greatly appreciated and ‘the writers ‘sincerely hope that their paper, 
clarified and enlarged on by these discussions, will form a base from which a 
clearer analysis of these troublesome problems may be presented. — a 
_ Professor Davidson’ 8 ¢ objections, perhaps, need further ¢ clarification. ' Cor 
m1 tainly there was never any ‘intent on the part of the writers other than to show 
appreciation for the counsel of the Panama Canal pilots. «dt well 
understood that the experience of the pilots afforded great assistance an the — 
per ‘sonnel engaged i in maneuvering tests and also aided in the decision to use 
approximately a” of rudder angle as a basis for estimating | the proper width 
- and depth | of the channel. 7 It should also be. ‘emphasized that the | selected 
rudder angle of 5° is a practical one and certainly does not account for extreme 
: conditions of i operation when the vessel is a considerable distance off center in 
‘It is not clear to o the writers how Professor Davideou | proposes to use his 
analysis of moments, for ces, and time to > compute the most efficient width and 
depth of channel for a given ship speed. A minimum time factor would have 
- to be established which would include time of reaction of the pilot, the rate of 
~ rudder 1 movement, the rate of sw ing, : and the: speed of the ship. This operation 
wanda be very complex when the ship is entering or leaving a channel bend. 
A bend or a curve in a ship channel i is considered | one of the danger points due 
: : to the fact that the pilot must pe! per mit the ship to. yaw in the channel and thus 7 
develop the aforementioned forces and moments. if the ship, | on leaving a 
channel bend, is off center in the channel (which, i in 1 practice, is quite often the | 
- case), the turning of the ship must be retarded, the yaw corrected, and the — 
_vessel restor ed to its proper position in the channel. _ The time that the pilot 
has at his disposal is a function of the extent to which the ship i is off center in the 
channel. — Iti is believed d by the writers that, although a time study might ten tend : 
“a conditions somewhat, the variations imposed by a channel bend s are sO - 
-many and so complicated that no useful information could be obtained. — _—_ 
ave 


_ Should a time study be used for a straight channel design it would still h 
to be based on selected rudder angles. If range of rudder angles sand off- 


+4 _ M8 Hydr. Engr., Kimberly-Clark Corp., Neenah, Wis. ; formerly Hydr. Engr., David Taylor Model 7 
‘Basin, Dept. of the Navy, Washington, D.C. 
oe Student, Univ. of Minnesota Graduate School, St. ~~ Falls Hydr. Laboratory, Univ. of Minne- 
- sota, Minneapolis, Minn.; formerly Hydr. Engr., David Taylor Model Basin, Dept. of the Navy, Wash- 
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center positions were used to compute the time a for wovenel died 


widths and depths and ship speeds, a question still remains as to how much © 
: elapsed time, or developed force, would be considered safe. . It is believed that 


considerable disagreement: would result if such a case were presented to a group 
of pilots. In discussing such matters with the pilots it was found that the rate 
of application « of the rudder changed with the pilot, and thus the rate of swing 
of the > ship | would vary. - Some pilots appeared t to have a a tendency to apply the 
rudder very rapidly Ww hens others applied the rudder gradually. As a matter ia 


In term ms of rudder angle this is a real value that immediately | registers | with the 


| pilots a and it is a term they all understand. 
 &F rom Professor Davidson’ s discussion of | forces and ‘moments acting on the | 
ship in in an off-center position it is believed that the writers were not too clear in 


their description of Figs. 47 and 48. Professor Davidson states: _ 
A rudder angle of 3.3° is sufficient to offset the moment, the water force 
* the rudder acting away from the bank. Since the rudder is about 350 ft 
aft of the center of gravity, the rudder force must then be about 400/350, 
‘ 3 1.14tons. Fig. 47 shows, however, that in free running a rudder angle of 
° is in fact needed, corresponding presumably to a rudder force of 5/3.3 
p Bn 1.14, or 1.7 tons. . The forces and moments then are not balanced, ; 
so the ship must assume a small yaw angle.” 


The ship as represented by the data plotted in Fig. 47 is in equilibrium, and 


the e ship as represented by the data plotted i in Fig. 48 is not in equilibrium, — 
Fig. 47 represents a a condition for which all the forces acting on the ship | are in 
balance, and the center of gravity of the ship will travel parallel to, and at a 
fixed distance from, the channel bank. _ Fig. 48 represents a condition © under 
which only the moment tending to the yaw the ship is balanced by the rudder 
and the lateral force tending to move the ship toward the near bank i is not 
balanced. The center of gravity of the ship would have a motion toward the 
near bank and the angle of yaw of the ship would be zero. _ To overcome the 
lateral force the ship must be yawed away from the near bank and a greater 
rudder a angle applied. _ The forces acting on the ship a are abnormal, arising from 
the difference in elevation of the water surface between the ship and the near 
ob yank and the ship a and the far bank. ‘The data for both Figs. 47 and 48 were i 
obtained in the circulating water channel of the David Taylor Model Basin at 
_Carderock, where the ship model was: held stationary and the water flowed 
three- -component balance ‘was used to obtain the balance point of 
equilibrium, and to measure the lateral force. The tests were conducted in an 


effort to obtain some critical point in the force pattern and to understand 
better the various forces acting on the ship. a _ A comparison between data ob- 
- tained in the towing ts tank and those obtained in the water channel is _— 


With regard to the discussion by Professor McNown, proof of his treatment a 
of the: sinkage problem i is given in the official Taylor Model Basin report on these 
experiments. , Certainly this analysis is the proper one for this part of the 
problem. ‘It was hoped at the beginning» of the experiments that a similar 


era might be developed for estimating the conditions of force when the | 
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ch 


7 ship i is s off center, which thus is would shor ten the test time. se gen ‘such a 


‘immediate and visible proof of the ship ' 

OLE E. Reeves,’ M. ASCE, anv E. H. Bourquarp,™ . Assoc. M. “ASCE.- 
The scope of. the paper was limited to the design of channel and the ciation . 
of channel dimensions. — ‘Although it is believed that the ship model studiesand si, 


ic aii 


the investigation ¢ and analysis of the existing waterways were entirely adequate 


for the purposes of selecting a adequate channel dimensions, it is realized that 
the approach is new and that many of the factors involved are deserving of 
more extensive investigation and study. Consequently, the limited 
discussion that this rene attracted was a disappointment _ 


‘Hobbs, it would a appear that he considered the proposed channel clair 

~The evidence compiled i in the studies ) was such as to prove beyond any doubt 
7 that the sections as proposed by Professor Hobbs would be woefully inadequate, 

7 both from a navigation standpoint and a security standpoint. . 7 a 

— Using the method presented i in the Symposium, a deter mination of ‘channel 

dimensions adequate for singl le-direction traffic was made. 4 With an existing 

4 ore ship (78- ft beam) as the design s ship, the required b bottom width is 295 ft 

4 at 60-ft depth. with side slopes of 1 on 1. Although the ore ship | was also used 

as a design ship in the report for determining the channel width, based on the 

—- passing of a second ship, it is not the largest ship that must be able to transit a - 

new canal. safely. ~The 600- ft channel, recommended in the Governor’s report, 

ism more than adequate f for ‘single-direction | traffic of the largest existing naval 

4 ‘or commercial vessel, and probably for the larg gest , conceivable ship (vessel re- 

—— lock width of 200 ft). A single-direction channel would have to have ~ | 
‘dimensions adequate for the safe transit 0 of this large vessel. Based on the | 

| 


= existing “naval vessel, making due allowances. for the increased con- 
_trollability of the navy ship, the required bottom width i is 350 ft—just =i 


“the width proposed by Professor Hobbs. 
This proposal of two independent has other definite disadvantages. 


accidents have been collisions in the. : relatively 1 narrow channel at Gaillard Cut’ 4 
(minimum width 300 ft); on the other hand, many of the bank-striking acci- 
dents could be attributed to loss of control of one vessel following the passing 
of a second ship. In a channel 600 ft wide, this danger would be greatly re- 
duced | because of the increased width of canal available for recovery follow following 


The possibility of closure of one or both channels by a ship grounding 
_ across the channel would be much greater in narrow channels. Records show 


Chf., Eng. Div., Walla Walla Dist. , Corps of Engrs. Army, Walla Walla, ‘Wash.; formerly. 
§ Chf. of Div., Special Eng. Div., The Panama Canal, Diablo Heighis. Canal Zone. 

161 Chf., Flood Control Div., Dept. of Forests and Waters, Harrisburg, Pa.; form mer ly Chf. of Nav igation 
Section, Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone.” : — 


f 
“relatively short inter of ‘the transiting time. Only 4% of Panama Canal =| 
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that 73.5% of the ships transiting the — 5 Canal ii the er fron om 1921 
to 1940 » were longer than 300 ft and that only 0.33% were shorter than 600 ft. 
| The narrow w channels, particularly in in the tunnel, would be a serious handicap 


to salvage operations. 
The economy of tw channels, as. compared to the single channel recom- 
mended in the report, ‘is very - questionable. — At relativ rely shallow depths of 
“cut, the quantities in two channels would exceed the quantity in the s — 
channel depending on the bottom w idths and side slopes required. _ The channel 
section in the tunnel as indicated in Fi ig. 106 has an area of approximately 9, 600. 
sq ft. The larger existing naval vessels have submerged areas of as much as" 
4,100 sq ft. — ‘The ratio of channel section to ship area for these larger xr vessels 
oe yould be approximately 2.3 to 1. . If the vessel were to transit at a speed above | 
a crawl, the “‘squat’’ of the ship would be extremely large, and the power to 
tow and hold the veneel i in position w vould be e tremendous. The tunnel section | 
a in the report investigations had a cross section of 18,000 sq ft, w hich 
is believed to be a minimum requirement. The proposal to have passing _ 
stations the tunnel offers tantalizing problems the handling of ships 
during t the maneuver, particularly ’ When both ships ¥ would 1 have to be under the ; 
control of towing locomotives from each bank. The tunnel would be an ideal - i 


“target” for sabotage. The damage that woul be created in the tunnel by the | 


ed explosion of a munitions ship carrying 10,000 tons or so highly explosive - 

he material or the ‘equiv valent in explosives can well be imagined. 
ba salvage problems in this confined space w ould be magnified manyfold over 
rt, those for a similar - explosion in in an open en channel. ma An atomic explosion i in the 


tunnel might | well make the tunnel useless indefinitely. = 
or 
‘Mr. Cole | can be assured that careful and thor ough consideration was given 
to all conceivable methods of i improving the existing lock canal even though 
it obvious, from the security studies, that would not 
the requirements of the law authorizing the report. © _ Space limitations, of 
course, prohibited the inclusion of a any discussion of these studies in the Sym- 
posium. From t the frequent reference to the paper? by Miles P. DuVal, it 
concluded that several of the discussers, including Mr. Cole, consider the 
Pacific Terminal Lake Plan the ideal solution to the canal problem. — ~The 4 


= 


vantages of this plan as compared to those of the existing canal are ors 


in that paper. — Readers can rest assured that all merits of the Terminal Lake 


‘Plan, with ‘its numerous modifications, were thoroughly considered prior to 


the wording of Public Law No. 280. The lock canal developed by the in- 
Zz as most nearly meeting the requirements of the act incorporated 


of security. Several of the discussers state or imply that the admittedly large 

“expenditures of providing a canal, either "sea level or lock type, to: assure de- 

_ pendability of operating during times of national emergency, are not justified. 

- This subject is believed adequately. covered in the Symposium papers and in 

the discussions ~ How ever, it is considered that a few comments | on the eco- 


_ 49**The Marine Operating Problems, Panama Canal, and the Solution,’’ by Miles P. DuVal, 


completion of the report. In fact, probably 1 more so than was indicated = 


the Terminal Lake Plan. —Itw vas ruled out as not meeting the requirements — 
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“nomics of modifying | the present canal to the Ter minal ‘Lake Plan, Ww vitho ut . 
benefit of security, are in order. aaeais 


The advantages | of the Termir 
lowing: 


(a) Increased ¢ 
(b) Increased efficiency (reduced tranait time); 
(c) Tne rreased ease of operation; 
(d) ‘Increased safety of transit; 
(e) Decreased operational cost. 


It is difficult to establish a true value for the first three of these advs rantages. 


~ Howev er, by | certain modifications of the existing canal, equivalent increases” 

in capacity and. ‘operational ‘efficiency can be obtained. _ These modifications 

estimated to cost $130,000,000, approximately $32, 000,000. of w hich is_ 

chargeable to Pedro Miguel Locks and could be saved and used towarc ard the 

‘modific: ation of Miraflores Locks to provide a Terminal Lake Plan. aa 


is to a monetar value the: ease of 


‘mentioned, would also i increase the ease of operation. =o" 
Cost of past accidents is a direct measure of the relative safety of various | 
canals. " The cost of lock accidents in the existing canal has averaged approxi- 
mately $i. 86 ‘per transit. maximum capacity of the modified existing 
canal, or the minimum conversion to a Terminal Lake Plan, would be about 
15,700 transits per yr at $1.86 per transit, or an annual cost: less than $30,000 
per yr . Detailed accident records show that 33% of lock ace dheate ener at 
Pedro ‘Mieed. The value of the increased safety of transit that might be 
“eredited to the Ter minal Lake » Plan would be less than $250,000 (33% of 


$30, 000 per yr - capitalized at 4%), which is insignificant when considering the 
cost of modification of the present canal to a Terminal Lake Plan. ant 
_ From a purely economic « consideration, the reduction in cost of operation 
and maintenance expense is the best argument in favor of the Terminal Lake 
Plan. The capitalized value of this saving, when combined with the afore- 
ental savings, is a relativ ely small part of the cost of providing the m mini- 
mum Terminal Lake Plan, ev en without prov isions for passing larger vessels. 
In other words, the | construction of a Pacific ‘Terminal Lake ‘Plan is not eco- 
_ nomically justified at this time, or in the immediate future. — } 
A A Ww ord of caution \ is in order fe for possible u users of the channel ¢ design methods 
presented in this | paper. In working with the limited data available, — many 
were made to extrapolate and and 


be familiar with likely to utilise the channel 

that he is iting. _ After having traveled on many ships in the P Panama 
=. Canal, the writers are almost ready to bo 'nenagt the pilots’ belief that each ship i is 
an individual and acts 's accordingly . Fre equent. discussions of new ideas with 


will keep a designer from “going off on the deep end.” 
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it As many pilots as possible should be consulted on an ides as they, themselves, : 
a not always in agreement. 
7 The writers consider the design methods presented i in the pi aper as steps in 
the right direction and not as final design procedures to be accepted a 
question. Fu urther study and testin will —undou! btedly develop desirable: 
modifications i in the methods. 
TLSON Ve Br INGE R, Assoc. ASCE, 4 AND ‘Tuomas F. THOMPSON, 153 


FILI are, ASCE- —The ition, by General Kramer, of the conserva- 


7 tive > principles used in the treatment of the Cucaracha slope problem is a 


Ww welcome addition to the Symposium. confidence in a sue cessful job, ex 
se _ pressed by General Kramer, should reassure many who may have noted the : 
ail 5 ~ doubts w hich some have tried to cast on the conclusions of this paper be. oo 
— 
is “4 Mr. Hill is also ‘satisfied that the new and deeper excavation required by a 
sea-level canal at Panama can be undertaken with assurance despite the great 
= difficulties encountered in the original construction . He properly emphasizes ; 
the advances made in the study of the causes and. prevention of slides since : 
the tremendous Culebra and Cucaracha failures. These’ great slides were, 
indeed, among the most important factors giving impetus to to the development 
of soil mechanies in the United States, and demonstrated the need of a thorough | 
understanding of of geologic conditions at any location considered | for a large” 
ing CERRO LIRIO 
out 
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SCALE IN FEET. 
Fie. 119. Secrion” CERR o Lito AND ZION 
Mr. Justin correctly describes and illustrates the structural U relationships | 


of certain of the hills of the Canal Zone in which ‘strong igneous rocks occur 
in‘ ‘mushroom-like” structures (laccoliths) with heavy overhanging masses 
‘resting on weak sedimentary for mations. _ This feature locally has played an_ 


type 


important réle in the development. of Panama Canal slides. ‘ However , Zion 
Hill and the northern half. of Lirio Hill at the Continental | Divide are of slig ghtly 7 
different geologic constitution. the igneous rock occurs as a relatively. 
‘flat offshoot from a igneous dike to the south that was later cut 
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62 ‘See. ra Brinckerhoff, Hall, & Macdonald, Buenos Aires, Argentina; formerly Chf., Soils & — 


oe Foundations Section, Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone. a ia ss 
hin 7 188 Chf., Geology and Exploration Section, Walla Walla Dist., Corps of Engrs. , Walla Walla, Wash.: 
nd.” formerly Chf., Geology Section, Special Eng.  Div., =. Panama Canal, Diablo Heights, Canal Zone. 
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here he eliminated the pony of ofa transference some of the 
~ 
entirely possible that. ++ [slopes for the Cucaracha formation ] 
‘set by the use of the curve shown in Fig. 64, are too conservative, and that 
a material steepening of the slopes could be effected without any | great risk 
of incurring. failures of the banks.” | 


‘He suggests a curve (Fig. 110) based on the same strength values for the Cu- 
-caracha, but. using a factor of safety o of 1.0 instead of one of 1.3. 3. He is not 
ceritical of the use of Fig. 64 to arrive at estimating quantities for the “excava- 
tion; but he does feel that, if the sea-level canal becomes an actuality, , careful 
and thorough study should be given to the possibility of using ‘Steeper slopes 


in the Cucaracha formation than were presented i in thas writers’ paper. 


of course. The e taking iy some calculated risk might thus appear to be de- 
sirable; ‘but the degree of risk that is justified in any part. ofa project is 
a matter for final decision by engineering specialists. Ina problem such as 
this one, geologists and soils engineers must determine to the best of their 
ability the distribution and the structural relationships of the rock form ‘mations - 
and the strength characteristics of the various materials, so that curves such as 
those i in can be dev On the basis of these ations and 


After Congressional authorization of the se: sea- level canal project, a number. 
ofy ears would be available for further study on the important problem of excav: a 


tion age oti in the Cucaracha | formation. oe This time should be used | for inten- 


sive s study and research to check the curve of Fig. 64 or to develop | a new curve. | 


This work should be done, not , only | to determine whether the slopes set by the 
writers are too conservative, but also to be as sure as possible that these slopes 
were sufficiently conservative. — ‘The writers believe that the greatest hope for 
reducing the excav vation quantities lies in the detailed geologic exploration of 


‘the critical a areas, SO that slopes ; can be modified to take advantage of. stronger 


Mr. Sheldon reviews briefly but. interestingly the | history | of the difficulties 


in building» railroad embankments on 1 Atlantic ‘muck. He 


_ seribes the rugged nature of the rock surface buried under muck at one elecation 
Ww with which is ‘familiar. then n advances the theory that p failures 


St than by failure i in ‘the muck. 
Detaile studies made of one of the railroad embankments (that just 


of an crossing the area known as Stilsons Pond) tend to disprove Mr. 
titi 


BINGER AND THOMPSON ON PANAMA | 
* A liad by a number of minor faults, thereby dividing it into huge blocks that rest on f 
eae - Cucaracha shale (Fig. 119). This condition is even more critical than that = 
sk _ described by Mr. Justin in that there is no laccolith neck (“mushroom stem”) ! 
| ‘ 
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‘Sheldon’ 's theory. 
muck on which the fill was built, pres tha of the construction of the ale 
‘ment reveals that one of the several slides of this fill was in the uphill direction — 

and that a berm or counterw eighting fill had to be built on the uphill side. 
Furthermore, nothing in the writers’ experience confirms the conclusion that the 
shear strength of the muck-rock contact is lower than the shear strength of the 
muck itself. se The evidence is to the e contrary. If the | depth ¢ of the “potential 
_ shear surface in an embankment foundation is limited by a rock surface, the 
stability of the embankment is nor rmally greater than would be > the case if the ; 
shear surface were free to go as deep as it wished, assuming a constant shear 

_ strength for the foundation material. W ‘hen it is sO limited, the shearing 


still takes place i in the muck itself, although possibly very close to. the. contact. 


Quebrancha-Monte Litio Gatun River area rea_ where ‘the Monte. Lirio Dam 
would be built are unlike those at Mount Hope where the Marine Railway 
nd highly cut up by canyons running toward the near- by channel excavation, 

_ whereas the buried topography at the Monte Lirio site is gently rolling. _ Lines ) 
of borings across the Monte Lirio axis and at the Gatun Dam axis have estab- _ 
blished the bottom gradient of the old buried channel to be between 5 ft wad 
6 ft practical purposes, this i is 


2 was built. At Mount. Hope the buried rock surface beneath the the muck is steep 


; hilly regions of the Pacific Northwest and auntions intrusions sof weak mater eral 


Such conditions do prevail in the Canal Zone along the selected route for a 
 sea- -level canal. In fact, although slope curves must necessarily be prepared | 
for each formation to encountered a 


long the soute, it will be necessary | to. 


to solve the problems of safe a sea- level 
~ Canal” is a reminder that in no other branch of civil engineering can en ngineers: 
lea arn more from failures than in the field of soil mechanics. = oe 
There are those who would ignore any ‘advances made in 
and engineering geology since 1914. _ Mr. Kirkpatrick states that deepening 
“the canal cuts by 100 ft is “daringly unprecedented even to the point of aaiene 
Had such counsel prevailed in 1905 -1906, the present canal would 
never have been built, for it was certainly | a far more unprecedented project — 
~ than any deepening and w idening can now be. It will be a dark day for all | 
human endeavor when men cease to attempt the “unprecedented.” 
answer to Mr. _ Kirkpatrick’s unfounded assertion that “Nothing is 
known, except geological conjectures” of they pr robable bank and bottom stabili- _ 
ties of the 20 miles of proposed ¢ canal now hidden by Gatun Lake, the writers 
wish to state that ‘investigations were made during the study in sufficient detail, 
for a satisfactory preliminary evaluation of the problems that would be in- | 
volved in construction. The investigation of the Gatun Lake area ince 


ninety-five holes drilled from the lake surface to o explore the muck and to re 


46 ‘* Annual Report of the Isthmian Canal Commission for Fiscal Year Ended June 30, 1909,” Rept. of 
the Eng. Dept. of the Panama Railroad, ‘U.S. Govt. Printing Washington, ‘D. C., 1909. 
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cover. samples for testing. It was the opinion of the Board of Consulting 
iE ngineers that the designs proposed for the slopes through this area were on 


4 


In commenting on the proposed dams in the Gatun Lake area, Mr. Kirk- 

patrick seems unduly alarmed. Gatun Dam was built on Atlantic muck, ex-— 

tending at t the deepest point to El. — 204. 9. The deepest muck located else- 

where to date is at Monte Lirio (El. — 163.6). 
The possibility raised by Professor Casagrande that ‘ Sad * long-time 

effects may reduce the shear strength of the Cucaracha as a result of very slow 


” cannot be lightly dismissed. The — 


Ww writers would not wish to close the ious to the results of future investigations, z 
but they do wish to record something i in defense of the curve for safe excavation 


‘slopes in the Cucaracha. The ev idence that the ¢ Cucaracha may lose consider-— 

able shear : strength with time is too important to overlook, but it is not yet 

conclusive. This evidence ‘points | to a hypothesis such as that dev eloped by 

_ Professor r Casagrande, and such a hypothesis must be proved or disprove ed as 

far as possible before the slopes are actually cut. writers are in. full 

agreement, therefore, with the recommendations f ie long-range field 


laboratory studies, telltale devices to detect movements in Cucaracha slopes, 


and the like. They are. not convinced, however, that the drop in effective 


shear strength shown by Fig. 118 is necessarily caused principally | by a long- 
time swelling or w veakening effect. 


_ The explanation used and accepted by the writers up to this time has a 


Hows ever, that in 1912 ‘at least one half of the 
mass bounded by the underlying Culebra and on the east and the west by 
Be _as shown in Fig. 118, was not yet disturbed by the slides and that 
intermittently additional parts of the mass became involved in the move- 
ment. If the assumption is m: ade that the strength characteristics of the — 
undisturbed material | have not considerably changed with time and that 
they are equal only to those governing the slopes in January, 1912, then it 
can be shown that the mass should have come to rest with much steeper 


been slides, that year and 1915. all remaining 
materi: al did become | involved i in slides, but the effective shear strengths were 
‘reduced, on the east. slope, , only to 79%, and on the west. slope, 0} only to 62%. 
‘Since 1915, both slides have been essentially in continuous, although at times 
almost imperceptible, movement, and during this period the effective shear 


strength dropped to the very low values cited by Professor Casagrande. al 


a it may well be, of course, that the great reduction of shear strength ex- 


-perienced between 1912 and the present i is due to both: (1) The disturbance of 
slides resulting from oversteep slopes; and (2) the long-time weakening effect 
deduced by Professor | Casagrande. 
“a : (Readers who may w ish to study the Culebra slide further will be interested 
in ‘ “separate ‘paper presented during 1948 in which the cross s section of Fig. 


and two other - sections have been 
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_ Professor Casagrande e suggests the — that the sequence of various 


layers | of the Cucaracha formation in the model slope (on which such reliance 


has necessarily been placed i in the development of new criteria for the design 
of excavation slopes) i is not identical to that in the | slopes which failed in the 
Culebra slides. © Exact similarity cannot be proved by available information; 
however, old geologic sections and recent borings show "that both the model 
— slope and the horizon that failed in the East and West Culebra slides are of 
similar [a position as indicated | by the position of the ash flow 


‘marker bed. - Both appear 1r to have been equally weakened by minor faults. 
Since the owe locations are close by, it is reasonable to assume that 


were originally about t equal i in strength. 


Little information is available on the 100-ft cut that felled i in 1907. “The 
late Col. George W. Goethals, M. ASCE, described this slide as. follows: 


ty October 1907, a crack | developed 50 feet or more from the face of 
the bank on the west side of the Canal near the old railroad station at 
Culebra. Subsequent to the cracking, the ground to the west of it showed 
pereeptible settlement, though the elevation of the portion between the 
crack and the prism remained unchanged; this settlement was accompanied 
_ by a bulging up of the bottom of the Canal sufficient to raise the shovel. 
At the time this occurred the shovel was at elevation 175, and the sub- 
siding portion of the upper bank was at elevation 275. Ultimately the 
portion between the crack and the prism settled down, sliding into the 
prism. Subsequently new cracks developed farther back, followed by 
similar settlements and movements into the cut, involving large masses 


material; the ‘condition developed on the east side” 


The writers agree definitely with Professor Casagrande’s s conclusion that: a 


ti J" * * the ‘strength characteristics of the Cucaracha clay-shale are not 
similar to those that can be expressed by the Coulomb equation with 


constant c-values and ¢@-values.” 


In this case, however, the only alternative to using a c-value and a ¢- value Ww would 
have been to use a constant shear strength (that is, a constant value of c anda 
: o equal to zer ro) determined from the ‘model slope or from the Culebra slides. 
Such a course would have meant the adoption of impossibly flat slopes for the 
higher cuts. On the other hand, a constant shear strength would not be a 
7 better description of the strength characteristics of the Cucaracha than would 
the c-value and ¢- 
_ Professor Casagrande’s s critical review of the methods employed i in arriving 7 
at the Cucaracha slope design criteria is a valuable contribution to this paper 7 
Although: he recognizes that the proposed design curve is the “* * * best that 
could be accomplished with the tools and the knowledge. [now] available,” he 
makes recommendations for further investigations at the time of project 
authorization which the writers fully endorse. 


Montford Fucik, M. ASCE. Principal in the soil 
section at that time were Cc. K. Smith, _ Assoc. _M. ASCE; A.C Cc. Flach, Sr; 
Francis J. W codsmall, Assoc. M. ASCE; and L. D. Collins. _Geologio in- 
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1941, » W when he was Mr. Thompson. F. Mace 
a served as consulting geologist for the Third Locks investigations from 

June, 1938, until his death in May, 1942. a a 


During t the Isthmian Canal Studies (1947), important soil | 


studies were conducted by E. . Zegarra, Assoc. M. ASCE; H. G. Smith, Jr.; 
David C. Hall, Jun. ASCE; and R. L. Behrend, Jun. ASCE. C. F. Vincent was 
a ‘in charge of the Soil and Rock Testing Laboratory, assisted by R. L . McLees 


and George . Lewis; a and W. H. . Bussey y supervised the ‘sampling of soil and 


rock. OL AA Henderson, _T. G. Moran, J. R. . Schultz, J. R. Townsend, ‘S.M. 
Jones, and others contributed to the geologic studies. _ -* 


157 M. ASCE, AND W. I SHANNON, 158 Assoc. M.A 


ties of soils ¢ and ‘soft rocks were completed : and a a detailed report was published.’ 
_ The discussions on the Symposium contained only a few comments relating 


to the of the writers’ 


the Canal on the namic stress- deformation id strength 


with | particular attention | to. stability of slopes subjected t to 
was included by the senior writer in chapter 12 of the final report. 189 Some 
of the observations: made in connection with tl the traffic tests on airfield ‘pave- 


"ments, con conducted by the Cort ps of Engineers, are e presented i in Mr. Cedergren’s: S 


Professor Tschebotarioff points to the results of his tests which show that 


SS ‘continuous vibrations ¢ cause much greater - volume decrease of sand than that 
| «(6 loading. This finding corroborates similar results obtained by ‘te 


investigators. — Perhaps the first to describe this phenomenon was Karl Ter- 
‘saghi, Hon. M. ASCE, -who- in one of his early publications termed it the 


“conservative structure” of sand. 
Professor Tschebotarioff criticizes the fact that the transient tests were so 
~ conducted that a specimen was first exposed to a hydrostatic stress condition 
and then the axial load was ras increased to failure. eS This method of loading was 
used for the following. two reasons: (1) It is believed that this type of transient 
test at one ne end, and the purely static test at the other end, limit the range in 
~ which the properties of the material ‘will vary; and (2) tests as as proposed by 
Professor Tschebotarioff complicate an already very difficult type of test. — Not 
7 until certain fundamental characteristics sare fi fully explored (still far from being 


en accomplished) ¢ can one afford to investigate more complicated combinations of 


- Professor “Tschebotarioff cites the the case of a bank of varved clay which | 
failed during pile driving operations . As he suggests, it is probably the rock — - 


187 Prof. of Soil Mechanics and Foundation Eng., Graduate School of Eng., Harvard Univ., Cam- 


188 Director of Div. Laboratory, U. S. Engr. Office, Portland, Ore.; formerly Research Associate in Soil 

Mechanics, Graduate School of Eng. ., Harvard Univ., Cambridge, Mass. 
_ 189 '*Research on Stress-Deformation and Strength Characteristics of Soils and Soft Rocks Under 

Transient Loading,’’ Soil Mechanics Series No. 31, Graduate School of Eng., Harv ard Univ., Cambridge, 
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‘driving. The problem of Reniaiion of a soil due to ‘collapse of its structure | 
was beyond the s scope of the writers’ paper; but some information on this point 
is contained in chapter 12 of the final report,’ and an instructive ex ample is 
_deseribed by Mr. Cedergren i in his discussion. 


“J.J. Ross,” F. L. M. ASCE, W. B. anp L. T. Croox,!® 
Assoc. M. ASCE.—Mr. McAlpine is snes in his statement that a considerable 
part of the material below El.270 could be disposed of economically by tr ruck, belt 
or other land transportation. EL. 270 was taken ar rbitrarily as time 
did not permit the detailed studies necessary to determine the most economical 
method for spoiling each yard of the milli of cubic yards. The economical 
=: elevation would be dependent on the transver se location of | the material, the 
= availability of dry spoil a areas, the elevation of ground adjacent to the top of 
the slope, and location of wet spoil areas. Mr. 


using ow wnership schedules advocated by General 
Sanaa of America to determine the plant rentals. The barge haul costs 


determine. he: plant It to allow the contractors to. 
‘mine the most economical untied of hauling by making both land and = 
‘disposal areas available under each contract. 
Mr. . Massey’s discussion is extremely interesting. To obtain additional 
production and cost data concerning the economical handling « of rock excavation 
at the depths required by the bucket- ladder dredge, it is proposed to purchase bs 
only one dredge of this type at the beginning of operations and to experiment 
: with the deep dredging rather than to start this phase « ona large scale. Only a 
small. percentage of the hard rock is beyond the reach of the dipper dredge : and — 
ean easily be handled with a clamshell or dragline i in the time allotted. The 
d by costs | of the ladder dredge e excavation used in the studies are ample to cover rer 
Not . _ excavation of this hard rock by clamshell in the « event its use might be con- 


“The bucket Jadder dredge on by the Panama Canal Authorities 
about 1912 in Scotland utterly failed to dig blasted rock in the Culebra Cut 


7 ye Resident Engr., Folsom Dam Project, Corps of Engrs., U. S. Army, Sacramento, Calif.; formerly — 
r -Chf., Constr. Planning Branch, Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone. 


— 161 Chf., Eng. Div., Corps of Engrs., U. S. Army, Charleston, 8S. C.; formerly Chf., Dredging Section, 
in Soil Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone, 


Under 
ridge, 


162 Engr. in Chg. of Constr a McNary Dam, Corps of Engrs., ‘U.S. Army, Umatilla, Ore., formerly 
, “Ch, Dry Excavation Section, Special Eng. Div., The Panama Canal, Diablo Heights, Canal Zone. Yi 
16 Engr., Board of Engrs. for Rivers and Harbors, Dept. of the Army, Washington, D. C.; formerly | \ 
-Chf., Estimates Section, Special Eng. Div., The Panama Canal, Diablo Heights, Zone. 
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and was replaced as soon as possible sible by dipper dredges, w hich v vere ideal 
ge work because of the absence of any space or size restriction on the 


pieces of rock to be handled. 


As a matter of fact, the bucket-ladder dredge to which Mr. Massey refers’ 
(the — gener rally performed very creditably. Over a 3-year period from 
July 1 , 1912, to June 30, 1915, material dredged by this machine consisted of 
7 1% rocks and % 29% earth, excavated and placed in dumps at an average cc cost: 
of $0.514 per cu yd. No “difficulty was experienced in dredging properly 
blasted rock. . Large dipper dredges were constructed and assigned to work in 
Culebra (renamed Gaillard) Cut principally to handle (without blasting) 


large} pieces s of rock being brought into the cut as slide material. + W ith reference 
_ to photographs showing these e dipper dredges raising to the water surface pieces _ 


of rock too large to pass through the dipper, it should be borne in mind ile 

es oversize rock is the exception rather. than the rule. — . One of the writers 
has observed an ‘8- cu- ft bucket- ladder dredge operating under severe conditions 
‘in South America bringing boulders to the surface as core as any ——-s up 


and pin the halle: either on the tow ahead or on a See for final disposal. 
hb .. a W.G ‘Comber, w ho was in charge of Panama Canal dredging | at the time 
the Corozal was purchased, has stated: 
“Tn order to avoid the delay and expense of — or blasting, it was 
thought | that a high powered modern dredge would cut the softer rocks” 
in the section from Balboa Wharf to Miraflores. On this assumption, the 
— Corozal was purchased, and proved amply able to handle this work with — 
an output varying from 3,000 to 10,000 yards of rock per 24-hr day; the 
harder parts of the soft rocks were handled by cutting 6-inch layers, the — 
-_ softer as much as four feet at one passing of the dredge. The dredge was | 
also very efficient in the rock of the harder shoals after blasting by the q 
— ‘Toredo,’ but not so efficient in the Culebra Cut work, where large pieces _ 
of rock were encountered in places where there was saad sufficient depth of 


for the dredge to get directly over the rock.” 


Iti is true sss buckets must be made with a bat factor of safety but. this 


and methods, dey dredges very 
a trouble with bucket- line breakage. In many cases, , bue ket- ladder dredges 7 
obtain 80% or more effective dredging time, year in and year out. i ' 
a Both the clamshell and dragline types of dredges received full consideration 
_ during the course of the Isthmian Canal Studies. — Design of a deep-digging 7 
yet dredge, | ‘similar to that mentioned by Mr. Massey, was available to — 


those engaged on n the Isthmian Canal Studies some e time prior to publication 
i The advisability of excavating with the special dredges to an elevation 
_ satisfactory to pass traffic and to complete the excavation with regular dredges 


considered and left for decision during a¢ actual construction. There wo ould 


be no particular advantage adasiee ming - the common on excavation in 1 this 


an 
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a F 7 _ dredge could not free such a boulder without dropping or blasting it, the bucket- fF | 
| 


Mr. Erickson states that the -in. hydraulic dredge seems to be small 
“anit , 60-in. 1. discharge 
lines. Actually, was given to dredges discharge lines up 
to 60 in. in diameter. ae ever, on the basis of the quantity of common and 
soft rock excavation set up for - hydraulic | dredging, it can be estimated that 
one 40-in. deep- digging would have adequate capacity to | meet the 10- 
_~year construction schedule. A construction program requiring ai an increase in. 
“common and soft rock quantities in wet excavation would warrant further 
consideration of dredges larger t than 40 in. 
ae In discussing the Panama parallel s sea- a-level canal, l, Mr. Ji arv is refers to 


ne the unavoidable interference with normal canal traffic during the 


period of construction for the Panama sea- level conversion route eee ” The 
matter of possible interference was given careful consideration in the studies 
and the work was SO planned that inter ference with traffic would be negligible. 
The work can be arranged s so o that, at the minimum, nav avigable widths not iw . 
tha than those now existing in Gaillard Cut (300 ft) would be available at all times. pe 
Mr. Edwards questions the need for the somewhat careful cost estimates of 
canals at other locations and the detail of the sea-level canal estimate. In 
retrospect, the estimates for alternate canals might be more detailed than 
required, but, as they” “were developed with defense, traffic, 
geologic, structural, and other studies for all routes, it was impossible to 
determine i in advance just what detail w ould be required. #F orecasting probable | 
future actions of Congress, which would determine when the data assembled 
would be used, was beyond the scope of these studies 
Mr. Kirkpatrick suggests lowering the e channel in Gaillard Cut —_— EL. 40 to 
EL 373. The lock canal plans studied contemplated channels excavated to 


and dlixaination of the necessity of conveying all Gatun 
Lake were discussed by Mr. Dohn. Hydraulic giants ¢ are in use on the Panama 
Canal and have been for a considerable time, flattening slopes in the 
areas subject to slides. The | material excavated by these machines i is washed 
into the canal for su subsequent r removal by. dredges and it is very small in amount 
when compared with the project now proposed. a The terrain in the vicinity of 
‘Gaillard Cut is such that there are no low areas available for disposal of large 
quantities f spoil by ‘use of hydraulic giants. only reasonable spoil dis- 
‘posal areas are in Gatun Lake where the water level is at the same elevation | 
as in Gaillard Cut and where s spoil disposal 1 requires no lockages. a 7 
: Breakage of rock by hydraulic methods is not practicable, for one reason, 
7 because of the existence of numerous fissures in the rock. _ Considerable 
- difficulty has been experienced i in drilling operations because of the loss of drill 
water through these fissures. Furthermore, any rock breakage that could be 
obtained by hydraulic methods would obviously occur along the seams or 
fissures, leaving large rock fragments that would require secondary , blasting — 
at a much higher cost ‘than i if the rock were blasted. 
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BARNETT, M. ASCE. properly, this excellent paper 

7 phasizes the need for mass transportation facilities in solving the urban traffic. 
problem but the author’s presentation is too strong in implying that advocates 


of urban “expressways contend that they are “* * * the panacea for all 


4 [traffic] ills.” Responsible | officials recognize tl that congestion in urban areas 


will be relieved only by a broad attack on the problem involving several related 


: problems ri requiring the force and the cooperation of numerous city, state, and 
federal agencies. The Ww rriter has consistently tried to point out and to simplify 
the broad effort n necessary, and has br oken it down into the following five- -point — 
program: 


— 


(1) The improvement of the arteria al rout 


(2) The improvement of the streets that ‘must form distributors for all 
traffic. Nearly | all people and goods transported in motor vehicles must be 
ae delivered to their ultimate destinations on local streets. 
(3) The improvement of the transit system. By no known plan can “all 
traffic be handled by private vehicles. s. The transit vehicle, Ww whether it be a 


railroad car, tr rolley car, or bus, ‘isa a much ‘more e efficient user of street space 
: in providing mass transportation | than is a private car; and, to an — 

degree, the public must look to the transit vehicle to carry a large part of the 
passenger load, ‘particularly between home at and work during the “hour 


- (4) The solution of the terminal pr oblem—adequate provision for parking 
for the loading and the unloading of goods. seems unreasonable 


-_— a city to use its extremely valuable streets for the stor age of vehicles 
: for long periods of time, particularly during rush hours, or for the use of trucks 
loading and unloading goods. - Especially i in the case of large commercial and 


Norts.—This paper by Curtis G. Bradfield was published i in December, 1948, Proceedings. Discussion 
on this paper has appeared in Proceedings, as follows: April, 1949, by Elmer F, Steigelman, and Harold 

_ €Chf., Urban Road Div., Public Roads Administration, Federal Works Agency, Washington, D. C. 
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industrial establishments, there seems to be no less. justifiention for requiring — 
_ off-street loading and unloading areas for trucks than for railroad cars. a 

(5) The more efficient use of present facilities. _ In this category the w writer 

would include s spot improvements that will make possible n more efficient use of 
pee eets. — Among these might be mentioned widened and improved pavements, 
_markings and signs, more efficient traffic signal control, channelization, and 


other isolated i improv vements a points of congestion. 
‘This p program will be necessary even theagh the type ype of ma mass the 
author emphasizes (namely, subways) are prov ided. Subways are economi- 
cally justified i in probably ¢ only a few cities. Only! five cities in \ the United States 
have populations greater than 1,000,000 andl not more than fifteen cities have 
a million people, if the satellite or suburban cities are included. — On the 
other hand, about a thousand cities have populations « of more than 10, 000. 


N early all these have serious traffic problems. Mass: for most of these 


cities consists s of gas buses, trolley buses, and tr olley ¢ car 7 7 
Mass transit is not on the increase as it should be. = he ‘cialis giv ven mass 


m- transit during World W War II has not resulted in permanent gains, and there 
flic are signs that mass transit operators are having their old troubles despite the 4 


increasing difficulty in moving and parking experienced by drivers of priv ate 
_ automobiles i in congested cities. . ‘Rail il operation on | its ‘exe exclusive 1 right of way 
is excepted, of c course. The « cause of such difficulties ay appears to be the vicious r 
cycle in which mass tmnnait operators and the public find themselves. Mass 
tre ansit operation on city streets is slow and costly because of frequent stops 
and congestion. As the time of travel on mass transit increases and the fare” 
is raised to meet costs, fewer people ride and more drive, further ongravetin ating 


The asteriel routes in most cities are lined with co ommerci dal establishments. 


ait 


= The routes serve several types of traffic that interfere w ith one another. 
Arterial route traffic w ants to move ‘fast, without stopping. Neighborhood 
be shopping traffic wa ants to move in the same manner but only as far as the com- 
wad mercial establishments, where it stops. Buses want to move as rapidly as_ 
all possible, but they want to stop frequently to pick ‘up passengers. . Cross 

7 
sie - wants to cross s without stopping at intersections, and pedestrains want 


— toer veryw here. Congestion increases as one approaches the center of the 
— city be cause ti traffic builds up to higher and higher volumes, width of pavement _ 
preci because ¢ of increasing cost « of right of 1 way, and intersections become 
more frequent with higher volume of cross traffic. Street capacity drops 
_ Sharply just “where volume increases and congestion begins. Mass transit 


vehicles must slow down along with all other vehicles. 


. The solution being proposed i is the construction of separate, free-flowing © 
facilities for : arterial route traffic \ which, in addition to serving such traffic, will 


-Telease the streets for local traffic including mass transit vehicles. addition, 


a mass transit of an express: nature can then t be provided on the free-flowing 
- arterials themselves. . The reduced time and cost of mass transit « operation on 
both | the new and the old arterials result in a ‘superior service w hich should 


encourage their greater use, and the shift back from private e vehicles to mass — 
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transit would contribute further to lessening congestion. are in- 
4 gredients for a reversal o f the present cycle with benefit for all. E 


-Railed mass transit is being considered on a few expressways a 
provided on one, the West Expressway in Chicago, IIl. . The prac a 


location | for it isin a median of sufficient width to enable stations and platforms 


to be constructed clear | of the high-speed through - traffic lanes. Climbing on 
"the part of passengers is unavoidable in such cases but there is increasing ev - 
‘dence that, where volume « of passengers justifies it, even | this effort will be made 


unnecessary by the us use of escalators, ¥ which have a long: record of reliable serv ice. 
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DISCUSSIONS. 


| EFFECT OF DRIVING PILES SOFT CLAY 


By LEONARDO ZEEVAERT, JACOB FELD, JosEPH C. FEGAN, 
AND GREGORY P. TSCHEBOTARIOFF 


Leonarpo ZEEVAERT,® Assoc. M. ASCE he: experience of the authors i 
_ connection with the remolding of clay due to pile driving has been checked in 
_ several details t by ‘the experience of of the writer in observing the subsoil of Mexico: 
City, Mexico. © As an example, certain | conclusions can be drawt n from the con-— 
struction of one particular foundation, 
neral Information. —At th the south corne ner of the intersection of Morelos 
Avenue and Reforma Avenue an 11- story concrete building was erected on wood 
piles driven in three sections to a a depth of 110 )ft. The site and the tial 
of piles, and the location of reference points are shown in Fig. (10. _ The effective — 
area covered by the piles is 4,460 sq ft and the number of piles is 187; therefore, 
the aver: age area covered per pile is 23.8 aq | ft and the average distance from > 
center to center of piles j is 4.88 it. 
anal Before excavation or pile driving, four reference odie 74% ron and D, 
Fig. 10, were established on the ‘surface of t the ground. — These points were 
‘referred to a fixed bench mark on the old monument of Cristobal Colon on 
Reforma Avenue, at a distance of about 150 ft from the building. a Re 
~s The site was first excavated to a depth of about 6.5 ft, and holes for the piles 
were pre- -excavated to a depth of 14 ft. _ The piles were then driven through - 
soft volcanic clay until they rested on a hard and well-packed sandy clay 
stratum at a depth, of 110 ft from the surface of the ground. |The s ‘soil onl 
and the variation of the water content and unconfined compressive strength 
W with depth (corresponding - to ‘Figs. 2 , 3, and 8) are given in Fig. il . Repre- 
sentative compressibility curves of the soft volcanic clay are shown i in Fig. 12. 
‘The curve Cu represents the compressibility characteristics of one of the 
- ‘undisturbed’ ” samples taken at the site by a _ Shelby tube of 5-in. diameter | 
| with a sharp online edge. Curve C, represents the compressibility character- 


- istics of the same material after it was completely remolded at its original 


Nors.—This paper by A. E. Cummings, G. and R. Peck was published in December, 


Visiting Associate, Univ. of Illinois, Prof. of Soil Mechanics and Fou ndations, 
Univ. of Mexico (on leave of absence), and Cons. Engr., Mexico City, Mexico. = . 
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Ww ater content. _ The computed overburden pressure at the depth of 45 ft from 
w hich the sample was taken is denoted in n Fig. 12 by Me 


‘These two compressibility ¢ curves show the usual pattern of undisturbed 


and completely -remolded for Mexico: City volcanic clay. ‘The be- 
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havior of the material in the field is closely ex expressed by curve Cy. 7 _ The sec section — 
ca Maile , corresponds to the compressibility if the load is too small to 
= a marked change i in the natural ral structure of the clay, and the part CB, 
to the compressibility if the load is ‘great enough to produce : a change in ~ 
str ucture. At point C, designated as the “confined c compressive strength,”’ 
_ transition occurs. — The compressibility increases from values represented i 
branch A-C of the curve to se represented by branch C-B.. For this sample 


the i increase is at least tenfold. y 
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| 
stress-strain for unconfined compression specimens tested 
at constant water content is given in Fig. 13 for two samples at different depths. 


Under these conditions of deformation the ‘Material behaves almost ost elastically — 


up to about 2% § ‘strain. Failure follows between strains of 2% and 3%. 7 In 7 


the remolded state at the same water content the material bulges under its” 
own W eight toa strain of about 5%. The dotted line in Fig. 13 represents the 


stress-strain fora remolded sample. 


NT 


-Void-Ratio 


= 


Pressure, in Kilograms per Centimeter 
(1 Kilogram per Square Centimeter = 14. .2234 Pounds per Square Inch) be 


Fie. 12. —CoMPRESSIBILITY CURVES» 


- Observations in the Field —During pile driving the reference points on ed 
sur face of the ground moved upward considerably as shown in Fig. 14. Points — 
close to the middle of the lot (curve C, Fig. 14) heaved as much a as 13 in., 
those at the south boundary (curves A and D, Fig. 14), about 10 in., and those ~ 
at the northeast. ‘corner (curve B, Fig. 14), 11 in. The ard move- 
ment of the surface of the wound occurred as rapidly as the piles were driven. 


“After pile driving was finished, the surface of the ground settled back quickly 
almost to its original portion. A of the (A, B, a res 


heaved, with; to their original position, may ben noticed. = “The settlement 
had practically ended one month after the piles were driven. | Further observa- 
io have shown that, during the succeeding 2 years, the surface of the ground 
did not settle any further with reference to the bench mark. — _ The important — 
fact that the soil heaved rapidly during pile driving and came . back i in a very 


short time to ‘its original position, in spite of the presence of the piles, suggests 


the following, i in support of the conclusions advanced in the paper: " 


1. The niass of clay did not adhere firmly” to the piles by skin friction. 
No © more than a very st small dragging force could have developed s as a result of the ; 
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‘shearing re resistance of the remolded soil close to the pile | during the relative 


displacement between piles and soil. 
2. After the soil ¢ came back to its ; original position, | no appreciable settle- 


ment of the surface of the g ground was observed with relation to the fixed bench 
mar rk. It appears therefore that the clay between the piles \ was not: sub- 


Excavation Period to 6.5 Ft. 
re 
Pile Driving Period | 


(1 Kilogram per Square Centimeter = 14.2234 Pounds per Square Inc 
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50. COMPRESSION ‘Fia. 14. —OBSERVATIONS DuRING Driving 
en 


Deductions the test the hypothesis that piles d 
‘in the highly sensitive clay of Mexico City radically disturb that clay, it is 
first necessary to make a rough estimate of what should happen to the ground 
surface for different degrees of disturbance in the elay mass due to pile driving. 
For such an estimate it is necessary to know approximately the frictional force 
that develops along the piles as the heaved soil subsides to its original position. 
If the frictional force is large ger than, or equal to, the | weight. of the e clay surround- 
ij ing the piles, the surface of the ground will remain at its heaved position r re 
-gardless of the degree of disturbance of the clay. Depending on the value e of a 
this force, the surface of the ground will come back to a certain position which 
is af + funetion of the a of disturbance in the mass mass of clay an and of of the dragging 
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Dragging Force. —The dragging fo ume exer ted on the piles: during the move- — 
‘ment ‘of the soil is small. | - This i is substantiated by the - fact that, in is Mee 
City, struc ‘tures on point-bearing piles appear to raise above the ground surface, 
and the sidewalks appear to settle aw vay from tl the buildings because of the self- _ 
‘consolidation + that oecurs in the volcanic deposit. The sidewalks. settle 
_ to the very edges of buildings resting on piles, | even if the piles are as close 
7 together : as three to » four diameters. If there were appreciable f frictional drag, 
the settlement should decrease near the edges of the buildings. — oe 


When a pile i is driven to the hard s stratum, ‘only : a small effort is necessary 


to push it through the volcanic clay. Usually ‘no vibrations are intr roduced i 


the soil because the weight of the pile and hammer, aided by very gentle blows — 
of the hammer , is sufficient to force the pile d down to the required elevation 
where the drivi ing is difficult for a short distance. When the point. of the p pile is 


pee into the clay, the cl the cl: ay is Llama from beneath | the point possibly as 


TRE 


Il 


Zone 


- indicated i in n Fig. ‘The h high p pressures imposed by the pile. point transfor m 


the clay into a Fe TM bs material that flows. upward and aw ay from the 
Ono of f the pile until it surrounds the shaft in the form of an annular ring. 
— On some occasions, it has been observed that fluid clay has squeezed 0 out to the ~ 


‘sur face at the of the pile. Since the p process occurs rapidly, 


nt. Analyzing a hori- 


state of the clay 
pest the pile n may be classified approximately i in three different zones as 


In Zone 1 the material i is s probably ina perfectly remolded condition : and 
keeps” in movement during pile driving until the pile reaches its ultimate 
Position. If no remolded clay is squeezed up onto the ground surface, the 


volume of material i in the annular ring corresponds exactly to that displaced all 
the pile. The thickness of the ring is therefore 0.2 


In Zone II the material is probably considerably disturbed. In this’ region ; 
it is assumed that the olay moves as” the point of the the pile “ae the soil; 
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afterward the material should 1 remain “The. di- 
ameter of the annular | ring corresponding to this zone probably extends to 3 D. 
In Zone it the clay is assumed to remain unaltered during pile driving 
except for a ‘temporary upw ward elastic | deformation due to the pressures caused 
the displaced volume | of remolded clay during pile driving. Zone III 
“constitutes the remainder of the mass of clay located within the piles. | If the | 
linear upward deformation s should exceed about 2%, vad zone would become 
somewhat a 
the level readings maximum ‘of 1. 2%. 
the clay in Zone III retains its elastic, undisturbed character. ; 

7 Because e of the remolding eff effect the compressibility of of the e clay | surrounding 
the piles to a distance of approximately D increases as much as ten times. 
The large hydrostatic excess pressures in the altered clay, caused by pile driving, 

make this portion consolidate rapidly . This produces a ‘stress relaxation 


the rigid, “el: astically, distorted, undisturbed clay and allows it regain its 


The circular boundary of the undisturbed cl: ay moved inward toward the 
3 pile because of the consolidation. The movement cannot exceed about 0.12 D. 7 
_ a distance corresponding to the volume of the pile, because the ground surface | 
settled approximately to its original position. Hence, the volumetric strain 
- produced in the remolded clay is not more than | 0.12. — On the assumption that 
the initial void ratio of the remolded clay along the pile Ww as equal to the 
average void ratio in the undisturbed clay before pile driving, and that it was as 
equal ual to about 9. 9.0, the change in w ater content in the annular ring of thickness: 
Dy was approximately 120/2. 4= = 50%, in whic th 2.4 is the s specific gravity of 
the solids. © : Since the initial average water content was 375% Toy the reduction is — 
of the order of 100 X 50/375 = 13.38%. | The usual sensitivity of this clay is 
- greater than about 15. Therefore, a 13% reduction in the water content of 
the remolded clay could not appreciably i increase its shearing strength. 
According to the preceding reasoning, one should use the shearing strength 
of the perfectly remolded clay to estimate the magnitude 0 of the dragging foree 
on the piles due to settling of the clay between them. | If an average value of 0.3 
ton per sq ft is used (Fig. 11) for the shearing strength of the undisturbed clay, | 
and a minimum value of the sensitivity is taken as 15, then the ‘shearing re 


sistance during the relative movement of the pile ‘and the soil is of the order 
of 0.38/15 = = 0.02, ton per sq ft. At the site of the observations, the piles are 


_ embedded in clay for 90 ft and have a an average diameter of 10 in. Hence, the 
7 computed total downward force ‘per pile is of the order of 3.14 X 0.833 X 
90 X 0.02 » 4.7 tons. _ Therefore, the : soil would adhere fi firmly along the piles. 
only if the w eight of the surrounding soil were smaller than this quantity. 
a Test of Working Hypotheses.—Since the dragging force is known approxi- 
_ mately and has an order of magnitude of 4.7 7 tons per pile, it is now possible to 
7 - test (1) the validity of the thesis of this paper that the soil is not remolded | 
a appreciably by pile driving, as well as (2) the concept | expressed | diagrammati- 7 
_ cally by Fig. 15. These characteristics can be examined by computing the | 
5 settlement of the ground surface and comparing the results with the observ a- 


tions. First, assume the clay mass to be completely disturbed during pile 
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driving, and the mass of clay between the piles to act as a perfectly remolded 
material. . The material will consolidate to a void ratio in. accordance with 
that deter mined by a completely remolded ‘specimen in the laboratory. See 
ondly, assume the clay to behave as a remolded material only to a ‘a distance 
_ from the shaft of f the pile to one diameter, and the remainder "of ‘the clay be- 
tween the piles not to change substantially. 


‘The deformation of the surface of the deposit because i eres 


compressibility : and a change i in effective stress may be expressed by — 


ia whieh & S is the surface yee deformation; tion; Hi is the thickness of the hparvinpel 
to 90 ft; p is the average effective stress; and m, is the | average coefficient of - 
unit volume change of the deposit i in } the unaltered condition, equal to to » 0.045 sc sq 


a Concept (1) w ill be tested by a computation for the center of he area. The 
average overburden pressure including the relief of stress due to excavation is 
0.672 ton per sq ft. One pile, representing an average area of 23.8 sq ft, ‘offers 
a frictional resistance of 4.7 tons. . Hence, the approximate change i in stress in 
7 the deposit will be - — 4, 7/23.8 = — 0.197 ton per sq ft. The initial void ratio 
from ‘the compressibility curve e Cy, Fig. 12, is ii. 2 for a pressure of 0.672 ton | 
per sq ft and the final void ratio taken for a pressure of 0.672 — 0.197 = = 0. 475 


ton per sq ft is found from | curve Cc, Fig. 12, to be 8.2. Therefore, Ae = = 3.0; 


0.045 x 90 0.197 = 22 — - 0.7 = 21.3 


“ft: that. is, the ultimate subsidence of the surface of the ground would be 
roughly 21 ft if settlement of the Mexico City volcanic silty clay oceurr ed con-— 

i trary to. the Cummings- Kerkhoff-Peck concept. Drainage conditions are 
fav orable i in the deposit. 
sidence should appear in the first months aim - pile driving. To the know ledge 

of the writer, there has never been reported a subsidence of the ground due to , 
pile driving in Mexico City that amounts even to a small fraction of this value. | 

The second concept (that illustrated by Fig. 15) leads to o the following — 
values, in tons per s square foot, for the center of the lot: 


4 Overburden pressure considering excavation. 672 
Decrease in pressure due to frictional resistance of piles —0.197 
in pressure in the undisturbed clay due to 
area occupied by pile and remolded : material (26%) 


0.650 
Increment change in pressure is 0.650 — 0.672 = — 0.022 ton per sq ft. 


an the central portion of the oo ae remains unaltered, Ae = 0, and Eq. 


1 becomes: S = 0.045 X 90 X (— 0 — 0.089 ft = pare 07 in. : 


similar computations the corner of the lot, a value, 
+ 0.25 in. is obtained for the subsidence of the surface of the ground. — : 
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a . rough estimate, show with reasonable ¢ accuracy the general trend and order 4 


668 


al Conclusion. m.—The r results: obtained i in the: second computation, although only 

4 magnitude. of the movements that have been observed in the field, and are in 

agreement with general experience in Mexico ‘City. The conclusion of the 

authors that the disturbance is limited to a zone within a few inches from the 


pile and that the main volume of the clay mass remains practically undisturbed 
during pile driving appears to be proved. ‘Therefore, the writer believes that 


the real phenomena in | the field are in close agreement with the second concept, Ef 


Finally, according to the co concept of complete remolding, structures on 


spread footings or rafts adjacent to sites where pile foundations are driven 
q should begin to settle because of the disturbance. The w riter has never ob- 


served this phenomenon, although the “compressibility of the clay is so great. 
when remolded that any such occurrence would certainly have attracted his 


Jaco M. _ASCE,—Just about two hundred ‘years’ ago John Muller 


woe 


the foundations of all buildings in gener: ral, are of the ern 


_ portance, in respect to the strength and duration of the work, we shall enter 
a into all the most material particulars, which may happen in ' different soils, 7 
7 in order to execute works with all the security possible, because many great ‘st 

buildings have been rent to pieces, and some have fallen down, for want of _ 
having taken proper care in laying the foundation.” hy 


-—and it is in this approach to the foundation problem that the authors howe 


conducted their study to determine a clay soil is altered by the ae of 


closed end piles. 
A summary of the five nett and comments made by 1} Muller 7 


seem very pertinent to the authors’ conclusions: 


(1) Use proper augers to bore holes from 10 ft to 15 ft deep i in order to 


4 


“Treatise Containing the Practical Part of Fortification,’”” by John Muller, A 


discover the nature of the soil and its hardness. 
(2) If the soil is gravel or or hard stiff clay, no sinking will occur. ; 
(3) If the soil is not uniform, lay a grate | of timbers crossed two ways, — bs 
‘ ‘sometimes boarded o over with 3-in. wood planks; sand needs such grates. — : 
(4) If the soil is first soft and hard below, then drive piles and lay a a grate , 
above them; drive a few piles to to acids the proper le length | before cutting © 

¢ 5) Sometimes a a bed of gravel eis has soft mud below, and it is dan- — 4 
-gerous to drive piles, then build on a timber deck and let it sink to bearing (a 7 7 : 
used in Russia and Flanders with good results) 
The authors have contributed to this centuries old search for the “proper 
in laying the foundation.” It does not seem that they intend to conv 
impression that the clay was not altered, for such an impression would not 
be substantiated by the results. 
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Under the conditions of the test, the oo conclusions that the soil was’ 


not weakened seem seem warranted. 


paper “reports that the surface piles heaved shout 
2 ft during” the driving 4 The remaining 1.40 ft indicates an 
average compressive strain of more than 2% in the 65- ft layer of clay. “The 
intensity of the resulting stress is indicated by the s squeezing of as much as 1 
ft of the. clay into the casing of test. , boring P-1 taken near the pile 1 month 
after driving. No such phenomenon is reported in the P-11 boring. Is it 
. possible that the stress condition was dissipated in the 10- month interval? — 
‘This would explain the difference i in the distortion of layers shown i in thes samples | 
| in ‘Fig. 6, but it is hardly proof that the clay i is not affected by the pile driving, 
or that the pile may not be a affected by this change in internal soil conditions. — 
difficult item to explain i is the moisture loss, unless it i is assumed 


was “compressed ‘sufficiently room for the additional solid material. 
This change may not be equivalent to remolding, but it certainly changes the ] 


soil characteristics and may have unexpected effects on the piles. a This type : 
of soil stress condition has been known to cause heaving of piles. 
foregoing comments are in criticism of the authors study. 
§ costs of such field and laboratory tests are quite high. _ The piles considered : are 


ave 
rof | = definitely | end bearing as far as load—carrying capacity is concerned. - Had the 
— piles been driven as friction piles, a record of settlements on the piles: or on the 
ler | _ structure carried by the piles could have been used to correlate changes i in soil 


“3 | with change in vertical position. | That is , after all, the subject about which 


_ the paper should be chiefly concerned. _ As Muller pointed out, if the soil is 
“first soft and hard below ¥ then drive piles and place the load on them. _ How- 
ever, when | the soft mud i is below, it is dangerous to drive piles. It w would be- 
worthwhile to have the authors’ conclusions | as to whether the alteration of — 
soft clay resulting from pile driving can be depended upon as an ‘improvement 
‘of the soil bearing value at the depths \ where the piles transfer load to the soil. 


Even ) ——— ore" that piles in — — increased the soil bearing value near 


rate 
ting 


sah 
the soft soil dug out w a scoop, not deeper than 6 ft 
and surfaced with a crib if the ran deeper, and also a surface of 

cement concrete “which sets under water. bid 


: ‘It is difficult to believe that this expensive research program was under- 

taken only to the statement that soft clay i is completely remolded by 

pile driving. is hoped that the authors will publish any “practical: 


conclusions observed i in this work. 


Josep Cc. Fucay, 8 SUN. ASCE.— —This first 
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in | The spacing diagram shows that a pile occupies 20 sq ft, of which the pile | ee 
he displaces 5%. Of the 65 ft of clay, between El. 505 and El. 570, the volume | ae 
he | ‘replaced by the pile is 65 cu ft. This volume displacement would indicate a ghee: 
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sented‘ by A. ‘Casagrande, M. ASCE , in 1932. ‘The: fundamental contentions 
Mr. that— pile driving in consolidated or partly ¢ con- 
are by t the ‘experimental data i in the. “The inter-. 
‘pretation of the data, and their conclusions, conflict with the theory developed 
and the the assumptions made b by Mr. Casagrande. 7 The principal il variance o of the 
two papers is in the estimate of the extent of the zone of remolding. © The 
paper uses unconfined compression test strength as the sole quantitative basis 
of determining the amount of remolding. © _ However, a measure of the increase 
in compressibility i is the dominant need, since failure in the type of foundation 
being ¢ considered is generally caused by large settlements. . Confined consolida- 
tion tests most accurately simulate the condition of the soil in the. ground and 
directly measure the consolidation of the sample. — By plotting the consolida- 
tion, under a given load, of undisturbed samples, and samples at various dis- 
tances from the pile, the extent of the zone in which detrimental consolidation _ 
- takes place can be determined. . This method is used by Mr. . Casagrande, but | 
he was limited by the fact that only the undisturbed sample and the ene bo 
remolded laboratory sample were available. confined consolidation 
could be made on the samples taken by the authors, the missing information 
betwee een these two extremes would be furnished. _ Until such tests are made, % 
the results of Messrs. - Cummings, Kerkhoff, and Peck cannot be used with 
hn ee evaluate the a accuracy of the conclusions of Mr. Casagrande. 
On the basis that. dried samples, although severely distorted, retained - 
evidence of their original stratification, the authors conclude that complete 
remolding did not occur. The of remolding i in clay is that grain 
arches, w hich are > the F principal supporting e elements s of the n material, are broken — 
down so that the grains are free to move and ‘consequently can consolidate 
partly. This process does not require the mixing of soil from the pacer 
strata, but can occur within each st stratum so that the grain arches are broken 
_down with only a 1 small relative movement of adjacent grains and a destruction 
of the cementing material at grain contacts. In such a situation the strata of 
the dried sample as distinguished by color, texture, ete., .. would “not be dis- 7 
arranged although reduced in thickness. Thus, the principal -supportin 
J 


authors ‘observed that the ‘process of consolidation initiated by pile driving: 
would be arrested by the lack of suitable drainage. ‘The possibility of a 
vertical drainage path * the ‘surface of the pile was not considered, however. 
In 1927, Karl Terzaghi, Hon. M. ASCE,  concluded® that, when piles are being 
—_ in clay, displaced pore water is forced upward between the surface of 
the pile and the i impervious clay te to a free water surface above. _ Pore ee | 
forced from a stressed clay mass w would similarly be forced vertically along o 


pile surface to the nearest free drainage surface. In this situation, the static 


-_ of — would be lost without the intermingling of component 


_ 4**The Structure of Clay and Its Importance i in Foundation uaneiaieal * by A. Casagrande, Journal, 
Boston Soc. of Civ. Engrs., April, 1932, 


**The Science of Foundations—Its Present and Future,” "by Charles Terzaghi, Transactions, 
ol. 93, 1929, p. 
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load forces on the pile would be e equivalent to the dynamic force of pile driving 
considered by Mr. Terzaghi. From observation of Fig. 4, it can be noted a 7 
the clay at the surface of a pile is so _remolded that numerous cracks and 
groves exist. These combine to form an open channel flow path around the : 
pile, that offers hee resistance | to fi bd than does the geometrically shorter 
uy mass. Thus the process of consolida-. 7 


initiated by sie driving can continue through surfaces provided 


~~ Conclusions. —Although the paper provides much needed experimental i in- 
formation, there i is ‘still 1 need for ae confined consolidation compression test on 
the ‘mee: obtained and for a settlement calculation for a ty pical | friction - 
pile foundation at the ‘site of the samples. — Interpretations and conclusions 
loosely considered as observations | may mislead the engineering profession into | 
neglecting the valuable analysis of the effect, of driving friction piles in n clay” 


by M Mr. r. Casagrande. 


P. 10M. ASCE. —Interesting and valuable. date. 
on the effect of pile driving on the water content and on the unconfined com- 
pressive strength of 2 a clay layer are presented i in this paper. _ How ever, itis to 
Zz be noted that the authors did not offer a any direct data to support te thesis 
that the ground surface between the piles did not subside. It is comparatively 
easy to obtain this information i in conclusive form by direct measurements of | 
settlement provided they | are undertaken simultaneously with other forms 
of study | at the start of a project. The writer is familiar with a case in which 
such direct. measurements were made somewhat later but nevertheless produced 
evidence in support. of conclusions diametrically opposed the 


conclusions submitted by the authors on the important point of the ee 


ken This: case was as follows: The structural framework of a , large 4-story 
tion building rested on 120-ft steel | pipe piles which had been ¢ driven with closed | end 


through laminated soft varved clay of glacial origin toa a good point bearing o - 
an underlying hard stratum. The building had a subbasement, which involved 
excavating from 3 ft to 4 ft of the soil and Teducing 1 the load on the ground by a — 
corresponding amount. Therefore, the original: designers of the building 
deemed it safe to let the basement. floor and partitions rest in part ¢ on the 
; ground itself, rather than to have them e entirely supported by girders ¢ connected 
‘to the footings that capped the piles. - Soon after the building was completed 


and: occupied, signs of distress appeared in the basement i in the for m of structur- 


- unimportant but unsightly cracks in the floor and in the partitions. _ The 
nature of these cracks indicated the probability that part of the concrete floor. 


sab which rested directly on the ground between the pile groups was losing 
its support there. _ Holes were then drilled in the basement floor slab and 
‘Teliable bench l marks we were established i in the upper f few feet of the clay. _ Precise 
_ measurements were performed which indicated that the s surface ‘of the clay v was 
~ settling i in respect to the elevation of the pile capping beams. The settlement 
= yas still continuing at a decreasing rate after several years hed elapsed. All 


10 Associate Prof. of Cw. Eng., Princeton Univ., 
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> 

_—— pointed toa gradual process of reconsolidation of the bene under its 
own weight as a result of its partial remolding by the pile driving. The steel 
pipe piles were driven in one single welded section. oo drainage of the 


clay was pale only an down nw ward. 


five times than the distance the piles in the case 

the A lesser degree of should have expected; never- 

‘groups. Otherwise the > conditions v were similar. ‘Therefore con- 

clusions of the authors concerning ground ‘surface subsidence are subject to 

question unless s direct and quantitative evidence is produced to support | them. 7 


It is too late now to start settlement aeenenomnente since equilibrium has prob- | 
ably already been reached in this case. The writer has an hypothesis to offer 1 


= 
@ \ VERTICAL PRESSURE APPLIED THROUGH b) VERTICAL PRESSURE APPLIED 
A FLEXIBLE RUBBER MEMBRANE THROUGH A RIGID 


‘Fie. 16.—Tue Errecr or Bounpary Conprt10Nns ON THE SURFACE AND ON THE 
_ CHANGE OF ' WATER CoNTENT OF A Cuay CONSOLIDATED IN THE LABORATORY 


which m may explain, in a manner quite different from that of the authors, the 


observations concerning water content changes. This hypothesis i is based on 
the results of tests performed in the w writer’ s yond Mechanics ee at 
Princeton University in Princeton, N. J 


earth pr pressure meter.” 


_ The lateral earth pressure r measurements themselves, as well as the testing 
techniques 1 which w ere developed i in order to meet the special conditions created 
by the deformations of the surface of the consolidating clay, : are not pertinent 
to the present topic and therefore will not be discussed. _ The observed de- 
formations of the surface of the originally fluid clay, how ever, are of direct 


= 


interest and are illustrated by Fig. 16. When the» vertical pressure was applied 7 
«Special Features of Large-Scale Earth Pressure Tests,’’ by Baenet R. Ward, John R. Bayliss, and» 
7 Philip P. Brown, in ‘‘Lateral Earth Pressures on Flexible Retaining Walls: A Sy mposium, ”” Proceedings, _ 


ja 12‘‘Effects of Boundary Conditions on Lateral Earth P, Pressures,” by Gregory P. Tschebotarioff and 
John David Welch, Proceedings, 2d International ‘Conference on ‘Soil Mechanics. and F Foundation Eng., 
Rotterdam, 1948, Vol. III,‘ pp. 308-313. 
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by compressed air to the originally plane su rface of the clay through a flexible 
rubber membrane at all stages of consolidation, as well as after its completion, 


the surface of the clay was found to s show ap sronounced dip at the center of the | 
-eylindrical ‘apparatus. This dip could be explained only by the restraining 


effect of shearing stresses developed along the rigid but pervious vertical walls _ 


of the device. _ Thus the rate | of the settlements of points at the clay s surface 


was governed . not by the rate of consolidation of the clay beneath each point 


of the surface, but by plastic utions of the els ‘lay which m must have 


Concrete Pile 
mately indicated by the Aeting a Bore Holes 


dotted “lines and arrows: in Fi 


rely different. ‘eondi- 


tion was observed when a rigid — 
_steel plate was interposed be- 
tween the clay surface and ihe 
a rubber membrane. _ It was 
found, after ‘completed consoli- 
dation, that the steel plate had 7 
been supported by a hollow 
outer cylinder of consolidated 


clay a central shaft of s semi-_ 


| 


| 


‘The’ foregoing findings and © 
“observations, which were 
in the will now 
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Remolded Clay, Re-consolidated Under Ow: 


clay and can serve as rigid verti- 
“? Weight and Part of Weight of Adjoining Clay 


eal drains for that sensitive clay _ 

‘a7. Intusrratinc Hyporuerican Cam 
-remolded by the pile driving and TION IN THE FreLp ANALOGOUS TO A COMBINATION 


reconsolidating— under its own OF THE LasoraTory Conopitions Intus- 
BY F gs. 16(@) AND 


ow eight. This hyp pothetical con con- 
dition is ‘illustrated by Fig. 17, The would be surrounded by cy 


‘econsolidated clay of a water content smaller than the original one. These 
ey linders of denser clay w would support the remolded clay between them (as il- 
lustrated | by Fig. 17) somewhat similarly to the way concrete columns ‘support — 
flat slabs in a building. 
Many reported by the authors agree with. this hypothesis 


‘the clay in the hestuns P eon to the piles ¥ was under such high pressure that it 
squeezed into the ¢ casing ing. On the other hand, this did not happen i in the C- 
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ON SOFT CLAY Discussions 


borings 1 midway between the piles. ‘This: reaction should be expe expected Fig 
17 since, according to the hypothesis w which it illustrates, the remolded and not 
reconsolidated clay i in that region V would be partly supported by the: cylinders 


of denser clay around the piles, 
A prerequisite for the validity of the hypothesis illustrated by Fig. 17 is 


‘the drain- like action of the me. The: authors claim that this was not possible 


appeared fully effective, it is true, during the few hours (or even minutes) that 
 e elapse between the driving of the shell and its filling with } concrete; but the 


‘The of the of the shell might “have 


looded 


Run 


ji Jest Results 


0.001 002 0.004 0.006 (0. 010 


Load Reduced by 
Weight of Excavation 


Load Reduced by 
Weight of Excavation} 


Computed from Observed 
Settlements of Buildings 


Load Not Reduced by 
Weight of Excavation 


4 
1G. 18.—CoMPARISON OF VALUES OF THE CoMPRESSIBILITY COEFFICIENT my COMPUTED FROM 


_ THE AVERAGE RESULTS OF DIFFERENT LABORATORY CONSOLIDATION TEST~ PROCEDURES 


AND FROM SETTLEMENT oF A B 


clay itself would help” to produce that impression since the visible discharge 


‘through it would be very slight w ithin such ¢ a short time even in an open and - 
_ only partly lined pit. 4 These same joints, on the other hand, , might permit an 
_ appreciable leakage through them over a period of ¢ amonth. The condition of 
a thin layer of soil i in immediate contact with the skin of the corrugated metal — 
- ghell of the pile might be such that some seepage in in a a vertical direction toward : 
_ the joints could be facilitated there. For instance, it is conceivable that some — 


of the more ‘pervious fill material from the surface filled the hollows of the 


7 “corrugations of the shell during | the. pile driving a and was carried down with 


Not-Flooded [Second it tL 

= ‘Undisturbed; 
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molded by pile driving | will not 1 reconsolidate and settle under its own w veight. 


of the thesis ‘of the authors to w hich a clay 
On the other hand, bros writer fully y agrees | with the ci contention of the he authors, 


of the extremely effect of driving into cli LYS; and 


especially ‘so in his comparison with. ‘other possible | sources of disturbance. 
This opinion is based on the results of a combined field and laboratory study 


which the writer perfor med i in 1946.15 _ Fig. 18 compares the values of the coeffi-_ 
cients of volume change n m, as obtained from different procedures of labor: atory 
tests from settlements of two buildings. ‘The 


T 


in which a is the coefficient of compr essibility = hatte e1 is the initial void 
ratio; €2 is the final void Tatio; and Api is is the increment of unit ver tical pressure. 


The laboratory m,- values marked “second run” were obtained by the pro- 
cedure: described by the writer elsewhere'* in connection with studies of 


swelling clays. _ The preconsolidation load of such clays was determined first. 
Then : a new specimen of the clay was loaded up to the preconsolidation load, z 
unloaded t to the value of. the weight of the overburden, again—this 
om loading being then referred to in ‘Fig. 18 as the “ second run.” | 


Several alternatives had also to be considered when computing the m,-values J 


from the settlements 8. In case w was sup- 


and actual value of H having Also it 
was not known whether the clay had fully readjusted itself to the new stress 
_ conditions after the completed excavation of the basement. If it were know n, 
then the full load of the building, without reduction by the w eight of the 
excavation, | should be used for the computation of of Ap in E Eq. 8: SO Oo 


On the other hand, if the eclay had 1 neither expanded nor nor heaved ‘after ‘completion 
of the excavation, the reduced load should be used for the computation of Ap. 

7 Both limit conditions a are given in ‘Fig. 18. 1 It should be noted i ‘in this connection 
that building B, Fig. 18, is ; the same structure for which the time-settlement 
curve was given by Mr. Casagrande.” - ‘That diagram indicates zero se 


_ 13‘*Comparison of the Extent of Disturbance . Produced by Driving Piles Into Plastic Clay to the Dis- 
turbance Caused by an Unbalanced Excavation,’’ by Gregory P. Tschebotarioff and James R. Schuyler, 
| Proceedings, 2d International Conference on Soil Mechanics and Foundation Eng., Rotterdam, 1948, Vol. 
pp. 199-205, 
we Comparison Between Crnsatiiutien, Elastic and Other Soil P: Properties Established from Laboratory 
- Tests and from Observations of Structures in Egypt,’’ by Gregory P. Tschebotarioff, Proceedings, onl 
mm Confesonse on Soil Mechanics and Foundation Eng., Cambridge, Mass., 1936, Vol. I, 


15 The of Clay and Its Importance in Foundation Engineering,” by A. Casagrande, Journal, 
Soc. of Civ. Engrs., April, 1932, Fig. 28. 
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- August, 1929, when the weight of the building reached the Ww weight of the 


7 excavation. Howe ever, a copy of the actual settlement record for August 26, 

7 : 1929, examined by the writer, indicated measured settlements which varied on 
that date from 0.25 in. to 1.3 in. in different parts of the building, | with an 
average Vv: value of 0.7 in. Thus, some heave of the clay surface must t have’ 

occurred previously during aut the actual condition in the field 


would lie between the two limits indicated in Fig. 18. 
With this i in “mind, it can be noted from Fig. 18 that the a) oe 
a ofa completely remolded laboratory sample (in line (5), My = 0.0430) — 
is approximately five times greater than the largest possible value based on 
~ actually measured settlements (in line (6), 7 my = 0.0090) of that coefficient for 7 
building A’ which was supported by piles. It is approximately seven’ times y 
‘greater than the average value of lines (6), (7), (8), and (9) (m, = 0. 0056) | 
which the writer believes to , correspond m more closely to actual conditions. At | 
the : same time this latter value is almost identical with the average ila: 
—_— y ‘(lines (10) and (11), a 18 (my = = 0. 0050)) for building B which w as not : sup- 


_ All laboratory tests on which Fig. 1 18 8 is based were performed on samples ) 


obtained by Shelby tube samplers 3.5 in. in diameter. e A detailed discussion of 
the e significance of of the results is beyond the scope of the present paper. dit 
‘should be mentioned, how ever, that only the .e samples for which the photographs 
- show ed no distortion at all were used for final evaluations of undisturbed 
values. 16 T Their average strain at unconfined failure was 9. 3% fora 10-min to a 
-20-min duration of test. the other hand, ‘samples of sensitive clay o of the 
type s shown in Fig. 5, although | claimed by the authors to be “practically un-— 
distorted,” i in the writer’s experience would have to be considered partly. 
7 molded with much higher strains at failure, 30% to 40% lower strengths, and 
- reater compressibility. —iTti is tol be hoped that the closing d discussion will give 


the strains of sp specimens 1s at failure. Pr -esumably the use of only 2 2-in. liamaiee 
tubes is responsible for the condition of the samples illustrated by Fig. . 
an The writer surmised that the almost identical values of the e m,-coefficients of 
_ buildings A and B (Fig. 18) might be explained by the remolding effects ac- 


companying the distortions of all I underlying layers, which distortions could be 


induced by a heave at the bottom of the excavation, such as appears to have 
occurred in t the case of building I B, whereas the remolding caused by pile driving © 

f ‘might be much 1 more localized. a : his hypothesis v was confirmed in a qualitative 

an by a three-dimensional model study with gelatine performed i in 1947 


by James R. Schuyler.’ 


To summarize, the writer feels that, although the authors in 
pointing out that Mr. Casagrande “originally exaggerated the detrimental 


4 


= of pile driving on lng, thes authors themselves have now gon e too far in 


Determination of the Shearing Strength of Varved Clays and of their Sensitivity to 
 ing,’’ by Gregory P. Tschebotarioff and John R. Bayliss, Proceedings, 2d International Conference on Soil 
Mechanics and Foundation Eng., Rotterdam, 1948, Vol. I, Fig.l. 
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Pp PROPERTY SURVEYS } MUST FIT THEIR TITLES 


1% 


‘Discussion 


BY RopeRT F, BoRG, AND | S.A. BAUER 


== > 


d Roserr r. Bore, 3 Jon. “ASCE —Th ‘he stimulating remarks i in this paper are 


Ww eleomed for their profitable exposition « the several features useful ‘to those 


brief as to permit only generalizations with regard to some of the problems of 
descriptions which are not true under all circumstances. oe 

; ‘T he primary purpose of property s surveys: is to insure that the owner of : a 
piece of land, and the entire w orld, know the exact location and extent of _ 
property, as embodied i in deeds. hen over arise, 


whether or based on and reason, must the thinking « of 
~The author states that if the ow nership i is established (as in many cases) by 
a description ‘drawn from a plat, or by compilation from record sources, | the 
monuments must be assumed t¢ to be confirmatory and ‘subject t to replacement. 
This categorical : statement can be both misleading | and incorrect. df the de- 
as in the deed, to monuments not in existence at 


ce 
deed 

and the actual monument versus Morrell, ON. H. 

(197; E mery versus Fowler, 38 Me. 99), 


'N aturally, where there are no references to any monuments in the property 


Prey in the | deed, it i is assumed that the taker under the deed did not — 


intend to be bound by any incorrectly located m monuments that. may have 


93 US. 314). courts have ‘uniformly upheld this latter contention, and - 


the author’s statement is correct under those circumstances. me 
Again, the author states that, , regardless of description or record, monuments ! 


‘govern only: if the original. survey is precedent to the record. “This statement 
a also be considered true only for certain factual situations. — Tf, in their | 


Nors.—This paper by William C. Wattles was published in February, 1949, 


Estimator, Psaty & Fuhrman, Inc., Contrac tors and E ngrs.. New Y ork, 
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| 
deed dcenigtion, the parties do not in any w vay refer to monuments then in 
_ existence (or later to be erected) and if, subsequent to the date of record, they 
either establish monuments or run a line, holding | that line and occupying: the 
land defined by it, for a long time, then the line or monument thus erected will 
bind the parties where the deed description is ambiguous — (Baldwin versus 
Brows m, 16 N.Y. 359; Breaker versus Woolsey, 149 Mich. 86). On the other 
hand, where the deed description is certain and unambiguous, as the author 
line or monument subsequently established is not binding « on the 

4 parties (Iverson versus Swan, 169 Mass. 582; Hall versus Eaton, 139 Mass. 217), 
‘except | adverse possession (under common law, this would be open and 

‘notorious possession for more than 20 years) (Burr — Smith, 152 Ind. 469; 


fora is at variance with the actual locations of physical 
or monuments, the court will weigh all the facts and cireumstances in an en- 
-deavor to decide the case in a manner that will best ex express the probable intent — t 
of the parties who used the property survey (White versus Loring, 93 U.S. ‘ 

The author ‘is to be ——— for bringing to the attention 


rofession the need for thoughtful and accurate property surveys. 


ig S.A. Baver,® Assoc. M. ASCE.—A scholarly exposition of a basic prin- 

ciple of property surveying is presented by Mr. Wattles. > The paper is particu- 

io welcome and important to the practicing surveying profession i in that it 

"stresses the true essence. of property surveying— —title and law, research “and 

-logic—and relegates toa pr oper T position of secondary importance the mechanics — 
of the profession, the operation of equipment, and techniques. After many 

centuries, the profession of property surveying is having a renaissance of spirit. . 

a [—<- years have seen, in the professional literature of the United States, more | 

pr rofessional cooperation among property marenyonn, and more original thought 
“applied to the problems of the profession, than has any prior period. as 

The task of the property ‘surveyor has been defined as the engineering 

in ater pretation, definition, and representation of legal documents of land owner- 

ship, a task in w hich the tools of the engineer, his m mathematical | knowledge, and 

his capacity. for. analy tical and logical thinking are e applied to to the problem of 


ete al to tangible and explicit form the legal records of land titles. 7 


mn 
n 
ct 
| 


_ The failure on the part of the lay public t to ) appreciate the true function and 


7 importance of the pre proper ty "surveyor has long ‘concerned the profession. 


greater to the however, results from failure of the 


of the property surveyor. _ The causes of those failures are many. . Ina a — 
. "measure, years of apathy within the profession itself form one cause. . Another — 
tes 


4 is the almost total lack of proper erty sur veying instruction in engineering colleges. a 


__4“A Treatise on the Law of Property,” by W illiam F. Walsh, wate, Voorhis and Co., New Y ork, 
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It is the present problem of the profession to educa ate its own means to their 


responsibilities and importance, and then the engineering pro ofes ion and the 
Mr. attles’ m: main ‘point, the primary of title, i is 
ova recognized, of course, as basic in all accepted current thought on the sub- 
ject. The ‘Technical Standards for Property Surveys,” compiled and 
adopted by the American Congre ess on Survey! ing and 1946, begins 
7) with the statement: 


a: “Each parcel of land w hose boundaries are survey ed by : a licensed sur- 


veyor, should be made conformable with the record title boundaries of 


- Nevertheless, this statement still comes as a shock to many en engineers a and some 

property surveyors, to w hom the old rule, “ “occupation controls,” has almost 
Biblical significance. ' There . are many reasons | for the development of the 

‘occupation controls” rule. Very important ‘among these reasons is the fact. 


‘the at, since the beginning of the twentieth century, much of the responsibility 


| of land description has been left to nontechnical ‘ “seriv eners. These n men are 7 
responsible for the ‘prevalence of such forms of descriptions as as: 


“My house and the land Ww hich it stands.” 


en on the west by the State Road; ¢ on on the n north by. the land now 
_ or formerly owned or claimed by Mary McNamara; on the east by land now 


or formerly owned by Agnes Beebe; and on the south by the land of The : 
Harbor Building Company.” 


Since such descriptions are entirely lacking i in n specific definition, the surveyor’s: 
only recourse is the use of occupation. 
An .n additional f factor i in the development: of the ' ‘occupation controls” rule’ 
is s the | fact that the occupation survey is so often the easiest solution, and is 
w releomed by the poorly qualified surveyor, to whom the law and titles are likely 
to be something unknown and my sterious. It is ¢ is also often the solution pre ; 
ferred by the client, whether proper or not, since nee it. conforms to his own pos 
sumptions as to his ownership. — 
The erroneous idea that adverse possession over the s statutory period auto-— 
matically grants title also adds to the misconception. Modern title practice, 
‘dealing as it does: with the recorded document, rather than the property itself, 
oma “must of necessity pin its responsibility to the written deed. As a result, the > 


- Anter pretation of the deed by the surveyor becomes an increasingly meticulous — 
‘the _ process, in which the title becomes the: framework on which the surveyor hangs 
ities * findings of occupation, possession, adjoiners, etc. 2 Modern high land values, 
rel: atively small parcels of of land, and extensive improvements of land, particu-— 
on . larly i in urban | areas, tend to make the deed and the precise wording of the 
— peeeaat of greater significance than in the past. It i is inevitable that, in a 
York, 


— Standards for Property Surveys,” Am. Cong. on Surveying and Mapping, 


May, 1949 BAUER ON PROPERTY SURVEYS 679 

| 

69; | 

ny 

‘ip- 

res 

en- 

ent 

the 

or 

in- 

rin- 

n 

a 

r 

Ag 

4 

4 


Discussions 


a determination of sur irveyor a fact finder, 
thana a judge of ownership. His recommendations and opinions, nevertheless, 
have « extrajudicial value in direct ratio to his reputation for thoroughness, — 


knowledge, and judgment. 


Mr. W is to be commended on a Par clear statement of a ‘too 
little rec recogn: 


surveying with sufficient seriousness. 


oma 
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pol Zn The property survey, then, becomes an exposition of all pertinent facts 
ee digested by both practitioners of property surveying and by those civil en-— 
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CITIES CANNOT LIV LIVE. WITHOUT TRUCKS 


-~ 
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MILLER, AND L. A. NEES” 


41 


A. uM. ASCE 1 what to be a argument. 


ee any atiietiene on the operation of intercity motor trucks within | city 
limits, the author presents ¢ certain statements as basic fe facts which, to the writer, 

to need supporting evidence. The first such statement (see 


“Fallacies in Thinking 

‘munities could not exist without modem truck However, 

the City of New| York (N.Y.) had a _ population | of 4,766,883 in 1910 when there | 

was no modern truck tr ransportation. _ At this same date a considerable number 

of other American communities could also p pr operly be classified as large. 7 None 


of them found it impossible to “exist”; nor would large communities today - fro 


it impossible to dispense with ‘motor trucks, although they would be consider- 
ably inconv venienced, | particularly if ' deprived of the service of small. city- 
This distinction between “ ‘convenient’ and ‘ ‘essential? ‘is im- 
portant. The expenditure of sums of public money may be justified 
create: improved for essential to existence when it would not 


and an advantage. 
A second statement (also under the heading, “Fallacies i in ‘Thinking About 
‘Trucks’ ’) is made that: fad ie: the volume of truck freight i is so large and sO 


oe establishments i in any ‘city would not extend beyond the 12-hour period 
- from 7 a.m. to 7 p.m., there remains another 12-hour period from 7 p.m. to 
_7a.m. outside regular working hours. — When the author states that the volume 
of heavy truck transportation is so. large that it must be operated in city 
probe during the daytime as well as during the night (when other traffic move- 


Note.—This paper by Hoy Stevens was published in December, 1948, Proceedings. _ Discussion on 
“this paper has appeared in Proceedings, as follows: April, 1949, by Harold M. Lewis. onl 
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. hours of business establishments.’’ Presumably Mr. Stevens means that no . 
restriction should be placed on the hours during which intercity trucks may _ 

z= 


MILLER ON TR UCKS 


ment is at a minimum), it is equivalent { to declaring that the virtually unre- 
stricted use of roadway facilities for half of the twenty-four hours is insufficient. 
tos accommodate all the truck traffic. The wr ‘iter has never seen any statistics 
to show: that this ' theory i is true, and he suspects that the motor truck operators 
_ would be the first to deny its truth if they \ were asked to pay taxes on that basis. 
_ It seems probable, therefore, that the real basis of the author’s objection: to. 
restrictions on | is that such restrictions would increase the 
cost of truck operation rather | than that facili ties are inadequate. 
A third statement (again under the in Thinking About 
‘Trucks’ that: “Certainly, substituting 2 small vehicles for 
al ainty 
that vi ew, ‘the author’s s own data ‘that 37% of the tonnage at 
was handled in unit, full truck loads. Ww hen delivering the 
- ‘remaining 63% of the tonnage, the trucks were running | partly empty most of 4 


time. herever traffic exists, a partly loaded truck represents 


‘The most serious objection to the = of extremely large trucks is the con- 
onlin they cause when making turning movements in congested areas and 
oo stopped at an angle. to the curb. In such situations there can be no 
_ doubt th: that 1 large truck does more to create congestion than do 2 3 small 
trucks. This does not ot necessarily mean that the use of large ined is never 
justified, but it does me ‘mean ‘that the use of smaller trucks is desirable under 


sta. 
The author seems to conclude that it is the 1 duty of the community to 


_ provide such facilities that the truck. operator can operate w hatever kind of 


vehicle | he wants ; in whatever w ay he wants to operate it. _ As an ordinary 


citizen and taxpayer in the community, the y writer rejects. the contention that 


a aay planning a building to which in n great degree, 

- cient attention is given, because of either lack of knowledge of the problem, or 

_ the barrier of indiv idual or public opinion. Off-street truck loading takes: 

a considerable a area and may entail a serious encroachment on the : space avail: able 


for the activity planned for the building. It is the duty of the engineer or 


architect, in \ designing a a building, to g give the 2 client : a structure that will serve 
ror purpose efficiently at the lowest. possible cost. ma Except in cases where legal 
provisions exist or where the loading and ‘unloading of freight: are major “items 
= the facility, the client is likely to regard these facilities as. ar necessary evil, — 
and to view eye designs that add to the 


space. 
sinesses where ~ 


of convincing | Mea client. of the ‘ ‘indirect benefits” i in- 


in loading facilities, especially here encroach measurably 


ed i 


Materiel Command, Wright-Patterson Air Force Base, Dayton, Ohio. 
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‘quired to demonstrate this beyond the scope of of his is organization, 
fee, or both. 
It appears then that municipal control in the form of codes or regulations © 
is the logical basic approach to the problem. — In establishing such codes, a city 4 
is faced with two fundamental problems: (a) The establishment of require- 
ments for construction in areas as yet undeveloped; and (b) the establishment 
of requirements, for construction in existing g dev eloped a areas. . Item (a) ‘offers, 
full latitude for the development of straightforward long-range planning. 
The solution for item (6), however, calls for bold and imaginative planning, 
7 coupled | with an intensive educational campaign to convince the taxpayer that 
such measures eventually increase the economic - health of the community. 
The writer ‘suggests: that the first steps it in the development. of as ‘code”’ 
are to ‘zone t the city into districts and to study the type of of truck freight serving 
each zone. ~ Such a study should aim at determining the 2 Y average daily volume 
of truck loadings and unloadings for a range of truck capacities based on size. 
It is anticipated that this 1 research would yield a truck ‘size that could be 


| 3 


considered aver age for each zone, together with a clue to the average density of 
en 
loadings per enterprise, critical street, or zone. ——_ 


From: data, combined with traffic counts, and th- -of-use 


widening in the 2c zone, § since this aspect is 1 intimately related to the palin of 
developing a code for off-street loading facilities. 


Based on such studies, a code would contain the aanins provisions: 


1. E stablishment of revised property "Hines | as required, for all new con-— 


struction; 
Establishment of minimum off-street loading facilities ‘defined by by “set- 
back” distance from the street line, width of unloading space in either feet o or 
of berths, turnout radii to the loading area, ete; 
Requirement that construction plans be submitted for approval 

e of the city, together with an 
engineering analysis of intensity of freight to be 
- handled and types of trucks expected to serve the facility, asa "justification 

of the loading facilities proposed for construction; >and 
4. A time limit in years at the expiration of which all all existing structures 


“must be modified to conform to the code. 


_— at which the interrelation between structure, truck sizes, and with and 
type of the traffic : artery i is such that the total combined annual charges for all” 
is minimum. Achievement of this goal necessitates the introduction 
_ the code of a restriction on the - maximum size of truck that may be per-— : 
mitted to deliver freight in any one zone. There is a limit as to how far a city - 
can go in n designing i its traffic arter ries to accommodate larger and larger trucks. 
ag appears that, in planning, a a point can and ‘must be reached within w hich | 
: rucking industries can balance their fleets economically to conform to estab-_ 


lished reasonable zoning restrictions. 
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Enterprises of like character, and nen with similar basic freight re- 
quirements, have a habit of choosing the ‘same environment. § Such develop- 
‘ment. can be observed in many « of the larger’ cities. s. There i is a a strong possi- 
bility, therefore, that the ‘studies outlined herein will indicate that a great 
‘percentage of the freight i in any zone is handled within a cer tain limiting truck 
‘size. If such an economic gr ouping exists, there is no reason why it should be 
paralyzed i in its development by codes that i impose restrictions on structures: 
but at the same time permit unrestricted delivery by trucks that are over- 
sized, n not only for the type and the volume of freight they deliver, but also 
_ for the streets upon which they travel. _ The writer has observed frequent 
instances of large tractor trailers ddtouine small parts of their loads to con- 
— 4 Ith has not been possible to judge the e extent of ‘this practice, , but its its 
a for intracity deliveries are seriously open to question except wh where 
req uired by the dimensional character of the freight. © 
; In the future development of a city and its trucking i industries, this concept. 
7 therefore implies a greater development o of major ‘ ‘Gn transit” and “distribution” 
freight terminals. 6d implies also that trucking industries: will be forced to 
scrutinize carefully the composition 1 of their truck fleets with a view to deter- 
mining economic sizes and achieving» a proper relation in numbers. It is 
= "possible t that a thorough “study ‘of the problem along the lines indicated for 
any actual case will demonstrate the validity ofa plan leading to uniform devel- 
opment within the zones of a city. 
_ The author’s | contention that criteria based ‘solely on a general type of 
enterprise or space values ar are - questionable guides i is a fair one. _ The volume 
and the character of freight to be to be moved | ae the intensity of movement | are 


The statement that the dock area must be at least twice the total | body 
- floor area of the larg gest number of trucks that can be docked at one time is 
x open to” question. Although it may be statistically correct in many instances, 
this s requirement may prove too rigorous. For instance, the \ writer has seen 
“numerous « cases es of government warehouses which do not meet this criterion 
i: where the freight never stays | on the dock but is handled rapidly and expedi- — 
tiously by fork-lift equipment which stocks it in its proper place without Te- 
7 handling. _ This procedure i is especially applicable where the cargo is all of one 7 
: 7 : type. The dock space r equirements are intimately related to the character 
and the method of storage in the str ucture. Its design, therefore, must rep- 
resent an integrated step in the sp space planning for the entire facility. 
_ The author states in his conclusions that trucking associations are con- 


—— studies « on this p problem. ‘The writer feels that such studies will be of - 


eat value to the e engineering profession and looks forw: ard to their publication. 
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DEVELOPMENT OF CBR FLEXIBLE. PAVEMENT 
DESIGN’ METHOD FOR AIRFIELDS 
A SYMPOSIUM 


‘Discussion 


By MILEs S. KERSTEN, AND Cc. TYRRELL AND A. PALMER 


8. KErsren Assoc. M. ASCE— —This Symposium has presen ted 
ina clear manner explanations of many of the. features of the California Bea ~~ 
Ratio (CBR) method of design of flexible e pavements. The following | discussion 

concerns just two points. 
Extensive » field testing and observations indicate that there is is good agree- 
ment, for the most. ‘part, between the thickness requirements as g given by ‘the: 
design _ curves and the pavement thicknesses giving satisfactory service. It 
appears that this agreement has been obtained by using the field, or in- aie 
CBR test, results. The question arises as to how eee an agreement would be 
_ obtained if laboratory CBR test values were used. _ Another way of ‘posing: 
‘this question n would be to ask how much ¢ agreement is is ‘there between CBR 
values obtained on soaked laboratory samples and those on subgrades on w hich 
pavements have been i in place for a long period of time. So 
Correlation between the laboratory and field tests is dependent on on both - 
moisture content and other factors such as soil structure and methods of com- 
—_ . Iti is the opinion of some engineers that laboratory bearing tests on 
soaked s specimens always g give ‘smaller CBR values than tests on the prototype. 
_ This thought is probably b based on their concept of the soaking procedure 
4 and the resultant high 1 moisture content. - How ever, it may be that such factors : 
as inadequate field compaction, required speed in field construction, and dif- 
ferences in soil structure may quite often tend to give lower field CBR values — 
for a subgrade than for the soaked laboratory specimen. _ Paper No. 4 by | 
Messrs. Jervis and Eustis indicates that considerable work has been done to 
develop the laboratory procedure so that the results are applicable to field | 
conditions. . Additional data or comment as to how successful this has been . 
would be enlightening. 


—This was published i in January, 1949, Proceedings. 
_® Associate Prof., Civ. Eng., Univ. of Minnesota, Minneapolis, Minn. — 


Ls $$ 
CUSSIONS 
t DISCUSSIONS 
- 
— 
m- | 
pt 
n” 
er- 
for 
| 
me 
are 
ody 
ces, 
een 
‘ion 
edi- 
one 
eter 
e of 


KERSTEN ON FLEXIBLE PAVEMENTS | 


“Messrs. McFadden and Pringle, in paper No. 1, and Mr. Turnbull, in paper 
N No. 1 1, mentioned studies in w hich data on subgrade moisture conditions are 
- : being collected. — Some comment on the findings made thus far in such studies 
- would be welcomed. There have been numerous general onmmnnte elsewhere 
on extremely wet subgrades being encountered i in arid regions. _ How ever, very 
* ‘little a actual data of such a nature are to be found. The w riter was connected 
ow ith ‘some studies of subgrade moisture conditions made by the Highway 
a “Research Board of the National Research Council.*:“* These studies indicated 
that for -subgrades in arid or semiarid the moisture contents were 
markedly | less than those i in humid regions. _ For example, the data for forty- — 
three airfields in western Texas, New Mexico, Arizona, and in parts s of California 
Ww ith less than 11-in. annual precipitation show that dene than 10% of the sub- 
grade soil samples had moisture contents as gr eat as their plastic limit. - Thisw as 
- true € even for clay soils which normally t tend to exist at high moisture contents. 
7 This | study was for airfields w which, in in many cases, had been paved for only a 
year or two. . & test program sponsored by the Los s Angeles (Calif. ) District, 
Ae and conducted with the cooperation of the Arizona and Nevada highway de- 
partments, consisted of taking samples of the subgrade at from three to six 
~ locations c on the highways ays adjacent to, or as close as possible to, airfields. 7 The 
7 7 - pavements studied had been i in ‘place: from 2 2 ‘years to 30 years; the average age 
f was about 12 years. _ The soils encountered were for the most part quite s sandy. 
: oO the ninety-three samples reported with plastic limits, only two had moisture 
-_ contents in in excess of this constant. — Even the heavier textured soils (of which 
7 there were e only ¢ about a dozen) did not tend to be wetter than their plastic limit. 
a “Studies i in more humid sections of the United States indicated a much greater 


of tests attaining moisture > contents. 


beneath ents in arid or alia regions it ma may be won to alter the 


CBR procedure for soils from such areas. _ Some comment by the Symposium 


authors on the trend of their results would be of value. mn 


F.C. Tyrren Assoc. - -M. ASCE, ano L. A. ALMER.“ —The eleven 


nen of the Symposium present, in concise form, the results of several years 
g resear arch —_- a broad front i in 1 the comparatively n new field of airport nel 


group of | papers has served very materially to advance the profession. _ Many 
_ readers will recognize the fact, how ever, that the information contained in 
; Bsc Symposium is actually but a small part of the total which the authors have © 


1ade available and which deals with both classes of ‘pavements, flexible and — 


a Survey” of Subgrade Moisture | Conditions,” Proceedings, Highway nen Board, Nation: 
search Council, Vol. 24, 1944. 


“‘Subgrade Moisture Conditions Beneath Airport Pavements, sbid., Vv ol. 25, 1945. 
. 7 we Comdr., CEC, U.S. Navy, Director, Eng. & Technical Services Div., Bureau of Yards and Docks, 


Re- 


Dept. of the Navy, Washington, D.C. 
om « >. Soil Mechanics and Paving Branch, Bureau of Yards and Docks, Dept. of the Ni Nav y; W Wash- 
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an that. “well equipped laboratories, tioned 
in different sections of the United States, there is a considerable advantage in 
using a type of test such as the North Dakota cone and the California Bearing 

- Ratio (CBR) test. 7 Because of their simplicity and the s speed at which such 
tests can be made, it is possible vo obtain, expeditiously, by their use, a thorough 

survey xy of soils and available ; aggr egates in any locality. In the final analysis, 

_ however, a pavement and the supporting earth under it must be considered as 
a a structure. _ What goes into the structure is important: but the procedure 
a material becomes an integral ‘part of the structure—that is, the 
workmanship or construction—is | a factor of equal importance. Any test — 
that is a test of the finished product, the structure itself, reflects the combined 

- influence of all the factors, including both materials and construction. 7 Paving 
is a case of mass production and in all cases ¢ of mass production t the | final criterion 
is a test of the finished product. This r may be i in the form of actual traffic tests 
on pavement strips built especially for testing purposes or it may involve static 

- load tests on several trial pavement | sections — constructed within the area of 

a proposed 1 runway, parking area, etc., that is to be paved. The ¢ construction 
of trial pavement sections has proved to be in itself (and apart from load tests — 
‘made on such sections) a most valuable source of practic: al infor mation. By 
this method it has been found , in Navy experience at least, that certain diffi- 
culties encountered i in the field compaction of certain subbase and base course 
‘materials could not have been predictable from m the laboratory ‘compaction 
tests, 

It is no doubt possible to o establish an over- -alls statistical relationship betw yetween 
flexible pavement thickness and a laboratory test, such as the CBR test. Such 
statistical realtionships are exemplified by Fig. 7 i in the 2 paper by Mr. Middle-_ 
brooks. Such statistical curves may be improved and refined almost ¢ endlessly 
b obtaining n more and more co correlative data with respect to actual service 

performance. However, in any graphical representation of this kind 
actual: scattering of the points representing individual sections of pavements, 
runways, taxiways, or even entire airfields that do not receive special study 


cannot - shown. 7 ‘The exceptions that w ould fall ‘on the unsafe side | of ond 


procedures, is to ) preclude: exceptions that could be on the unsafe side by over- 


be very “costly. general ‘tendency, therefore, i in n all such statistical 
conservatism the thickness design curves. This fact should 


The fact pracy ‘such statistical hone 
— utility should also be appreciated since they tend generally to establish the 
upper limits in the design of pavement thickness. 

For any specific ¢ case “one cannot estimate the actual factor of safety by 
using the thickness versus the CBR values. A substantial factor of safety i is 
‘Tequired in a runway where sudden 1 pavement f failure may be hazardous to 
eostly planes and human life. On taxiways and parking areas pavement 
failure usually involves nothing more than local patching of a paved ar area. 
Nev ertheless, by reason of dynamic loading, taxiways, w warm-up aprons, and 
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nerking © areas are subjected to extra heavy loading. A factor of safety of 
75 of pavement seems to be generally 


a “The real job of engineering is to meet both requirements—safety 


and economy—in airport paving, 
Navy, has considered that. these requirements have demanded : a realistic 
approach to to the problem of flexible pavement design, that generalities should 
be: avoided to a considerable extent, and th that it is not economical to rely” too 
‘much on statistical data and procedures i in 1 designing : a flexible type of pave- 
ment for an individual airfield. it has concluded further, and after extensive 
_ field ‘Studies, that the assumption that the 1e subgrade under the pavement, in 
; time, will become as soft from the infiltration of water as the compacted labora-_ 
tory samples” subjected t to 4 days of ‘Soaking, is absolutely untenable. — The 
bureau has become increasingly aware also ofa considerable degree ¢ of variation 
in the load-distributing properties of different types of subbase and base « course ~ 
materials and aggregates, a consideration that hitherto has been Tuled out in 
using the CBR design yardstick. The ‘ruling | out of this factor was s admittedly 
an error according to the : observation recorded in the paper by Mr. Turnbull 
(under the heading, Design Curves”). ‘This observation is a definite 
advance i in the i in vement and the use of the CBR design procedure. — The 


to be aaa since concrete is a palate standard material; but the use of 
such curves for any and all kinds of flexible pavements consisting of diverse 
types. of subbases, base courses, and sur facings, irrespective | of the extent to 
w hich each of the several I layered components spreads the load, seems not to be 


‘warranted. - Modification of the CBR thickness design curves in a manner such 


needed modification of the CBR design yardstick, the 


in estimating or anticipating the degree pr soitanion or of loss of bearing value > 
the subgrade as caused by infiltration of surface water. The bureau 
“reported”: the subgrade, data obtained at thirty-two Naval and Marine 


reflect the diverse characteristics of different materials 


Corps air stations, in various sections of the United States. The in-place 


_ noisture content and densities of the ‘subgr ades under the pavements w were re ob- 


_ ments | had been subjected to traffic for variable periods of from 2 2 ) years t to 6 


years. The sam in-place ‘moisture content of the top 9 in. of subgrade did 


Eng., Rotterdam, June, 1948, Vol. II, pp. 222 to 236. 


__#*Field Loading Tests for the Evaluation of the Wheel Load Capacities: of Dees Te Pavements,” by 
L A Palmer, in ‘‘Symposium on Load Tests of Bearing ow of lesen ” Special 7 Technical Publication — 
No. 79, A.S. T. 
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not exceed the average laboratory- determined optimum at seventeen ool 


out of a total of twenty- Six air fields for which laboratory optimum moisture data 
available. At only | one field was the. average subgrade ‘moisture above, 
the average plastic limit of the soil an and at this field the surfacing v was in a very” 
bad condition at the time of testing. . At five out of twenty-seven fields having 
flexible’ type pavements the average in-place subgrade dry density. exceeded 
“the maximum laboratory-compacted dry density. _ This observe vation is in in good — 
"agreement v with the conclusions in ‘paper No. 8 by Mr. Redus. — A study of the 

_ tabulated data reported by the Bureau of Yards and Docks discloses es very few 

individual instances the maximum moisture content of the subgrade 


+ ‘generally ¢ o be a progressive > diminution in moisture and a cor responding in. in- 

- erease in . subgrade density | as traffic was continued and the pavements were 
kept in a reasonably good state. of repair. Exceptions» to this trend included 
pavements where the maximum ground-t -water level was less than 2 ft below 
the ‘pavement. ‘Similar su grade and moisture data have been reported 
Canadian air fields by Norman W. McLeod,** who further présents a direct: 
comparison between the CBR wheel load rating and the actual tr raffic sustained | 
by four Canadian airpor ‘ts. As an example of this comparison, Dorval Fiéld — 


and Samuary 31, “1947, “with a CBR BR load rating of of 5, lb a 


tire. Quoting from ‘Mr. McLeod’s closure, 


* * “Canadian experience indicates that an airplane ‘wheel load of 
any given magnitude can be carried by a pavement and base course which 
only a fraction of the thickness specified by US D. LU nited States: 


The experience of the the U. 8. Navy is in 100% agreement with this statement. 


At the present time (1949) the pavements at sixty of its air stations hav ‘e been» 
studied and evaluated. These sixty air stations, with few exceptions, have 
- flexible type pavements of from 6 in. to 12 in. in total thickness and, at com-— 
paratively low maintenance cost generally , they have. sustained the traffic of 
Planes h having ‘single wheel loads of from 5,000 Ib to 60,000 lb. For the sub- 
; grades | at these same fields and on the basis of the CBR design ‘curves, the pave 
ment thicknesses should have been from 12 in. to about 45 in. in thickness to” 
have sustained this same traffic, 
Fortunately, for the most part, acai by the | CBR 2 and other — 
at! has not been too extravagant. It is understood that by taking the 


BR equipment to the field in use and obtaining the in- -place C CBR values of 
& subgrades and base ¢ courses s the v w vheel load rating of the pavement | may be 


to 


le did and in effect is a correction of the initial load estimate. How- 


nn Runway Evaluation in Canada,’’ by Norman W. McLeod, Research Report No. 4B, Re- 
scare Correlation Service, Highway Research Board, National Research Council, 


Pei ‘“‘A Canadian Investigation of Load Testing Applied to Pavement Design,”’ by Norman W. McLeod, ; 
in gh Cane on Load Tests of Bearing Capacity of — " Special Technical Publication No. 79, AS.T. M., 
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| TYRRELL AND PALMER ON N FLEXIBLE PAVEMENTS 
ever, since a field CBR test is essentially a miniature loading test, the question - 
arises as to why it would not be preferable to nes actual loading tests on areas 
comparable to those of the tire prints? According to James B. Newman, Jr., 
M. ASCE, plate bearing tests have a definite place in the determination of 


auntie: of completed pavements. The Bureau of Yards and Docks has found 


7 - plate loading tests to be expedient and reliable both i in the evaluation of flexible 

pavements after construction and in the design of new pavements. - On the 
- average, the loading test data are in good agreement with theory, but because 
the exceptions no theory is relied on in bureau procedure. The wheel load 


rating of the runway, taxiway, etc., is made contingent on the data obtained 
from the weakest spots in the paved area, with the stipulation that such weak © 


‘spots truly representative of 1 entire paved section 


pepetitions of a moving 40,000-lb load ‘in one would seem a 
quite distorted’ picture of the effect of normally distributed traffic. Even on 
‘the narrowest of taxiwa ays there never is s “tracking” to this extent. One can 
imfgine the the extreme punishment taken a flexible pavement when 3,730 
vehicles, each producing» 40, 000 Ib o of pressure on ‘single tires, line ‘up, one 
behind the / _ all the tire loads traversing paths that are only three times 
F Field studies by the Bureau of f Yards and Docks show 


"definitely | that traffic compacts the base and subgrade generally and under the 
entire taxiway and This is shear the 


which cannot act as a beam. 7 
comment on the CBR test t itself is required. standar 


ticles directly the piston affect the iti is that the type. 
of that the standard crus pe stone is vastly | differ-_ 


can be of shearing resistance” that i is 0 
both of ‘these extremely different types of ‘materials, because the top inch o 
ia clay is practically at at its liquid limit and the penetration is due to a 


placement without either elastic « compression or " appreciable consolidation. On 
the other hand, the standard crushed stone is a brittle material that possibly 
fractures to some extent and surely r must undergo elastic compression under — 
the load of the ‘piston. _ Again, variations of as much as 1 000% in ‘ ‘corrected”’ 


CBR values have been reported for the same soil at the same moisture content 


Sympos ium,’ Transactions, ASCE 


Discussion by James B. Newman, Jr., “Military Airfi 
~ Vol. 110, 1945, pp. 734- 


strips, should simulate actual and not exaggerated traffic conditions. In the 

q 

— 

=. studies. Mr. Redus reports progressive consolidation of both plastic and non- _ 

ae 

| 

ae respectively, have reference to a “standard crushed stone,”’ as described in Mr. hay 
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by the Vieksburg (Miss. ) laboratory," 2 the variations being attr ibuted d primarily. 


"pation procedure \ w vill eliminate all variations in measured CBR 
values, but is such a laboratory standard truly indicative of the actual field 
: compaction? The summary of Mr. T ‘urnbull’ 's paper seems to express a reason-— 

doubt as to this possibility under diverse field conditions. 

In conclusion, it is believed that although great progress has been made i “_ 
using the empirical CBR R design method, pending still further needed modifi- 
cations of this method, more realistic procedures (such a: as direct loading = 
or traffic tests that ‘simulate actual traffic eiaciias are ene for the sake 


of economy in pavement design. 
--—-82** The California Bearing Ratio Test As Applied to the Design of Flexible Pavements for Airports,”’ a 
Technical Memorandum No. 213-1, U. E Station, Miss. 1945 Dy 
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MI MISSISSIPPI ‘RIVER BRIDGE AT DUBUQUE, IC IOWA. 


Discussion 


> 


Batos. 17_The layout, floor design, and bracing arrangement 


a this p paper, viewed in the light of p progressive developments i in bridge design 


invite comment on features that hag writer proposes to to outline herein. - 


Economy. —In the “ Synopsis,” ’ the authors state: 


“Tn economy it Julien Dubuque Bridge ] favorably w with 


one the steel; and the ‘simple tied ‘if its 
4 identical with those of the bridge as built, must necessarily cost more than the 
_ : continuous truss. In deciding the relative economy of a suspension span 

: layout it is helpful to compare the Davenport (Iowa) suspension bridge (1935)! 
with the 2 Dubuque project, since they are similar in size and and clearance re require- 


ments, 
The Davenport crossing is located at Bettendorf, Towa, 80 miles south of 
the Dubuque bridge. Table 6 demonstrates the degree of similarity. The 
7 ‘ratio of the substructure cost to superstructure cost is the same in both cases 
7 (line 9, * Table 6) . The Dubuque spans, however, cost 62% more per square 
foot of. width between handrails (line 10, Table 6) than did the Davenport 
spans despite the fact that the Davenport approaches contain six 223-ft, and 


162- ft, tru uss spans. This ec economic of the bridge 


- respectively, contain 38 380 tons and 480 tons of Steel in contrast to 600 tons of 


steel, for the bracing alone, in the Dubuque tr uss span. Similarly, extreme 


comparative economy in metal of suspension ‘spans is demonstrated by the 
metal content of three other existing suspension bridges of comparable size. : 
F _ __ Nore.—This paper by R. N. Bergendorff and Josef Sorkin was published in June, 1947, Proceedings. 


- Discussion on this paper has a apyearet in Proceedings, as follows: September, 1947, _ by Jonathan Jones; 
_ October, 1947, by A. Floris, and T. H. Rust; and May, 1948, by Charles W. Doha. v4 


47Cons. Engr., Binghamton, N.Y. 
_-:18 ‘Building the Dav yenport Bridge Across the Mississippi,” Engineering News-Record, Vol. 115, 1935, 


837-841. 
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Bridges of the continuous and iid continuous types of advanced > 
“sign, as indicated by alternate designs prepared by the writer for the a 
truss span, contain 20% less metal than the bridge a as built. -_ aes 

oe Layout.—Low ering the mass centroid of a body increases its stability. The ‘The 
application of this principle i in the distribution of the mass of a bridge | mini-- 

-mizes wind and dynamic effects; and, generally, it produces an econom-_ 


ical structure, pleasing in in appearance. _ Considerations of statics, ‘stability, | 


TABLE 6.—Comparative Economic Data, Da\ 


-370+740+370 | 345.75 
25.92 31.92 
357,601 832,000 
686,798 7 1,588, 000 


1044, 3008 
0. 


- @ Continuous curved truss, with tie. % Includes cost of toll plaza at the south end of the suspension span. 
¢ Width between handrails. 


economy, and esthetics require that parts of the bridge | above the roadway be 
_ as light, and that this area have surfaces as small, as possible. - The e bridge | 

‘should direct instantaneous attention to its cardinal purpose—a continuous 
road crossing a waterway. - Consistent with ideal, the -designer’s central 

objective i is to lead all loads to the ground i in the most natural manner. 

_ _ If one of the spans of the continuous girder is twice (or more than twice) 


as long as the others, the required stiffness of the girder can be achieved ved by 


Adding a system. of stiffening members; and 
‘Shaping the girder so that its form, 


ain 
NO 


oo 


. -Arching the girder in the long. span 1 and introducing a tie for ‘the he ori i- 
zontal tal reactions, 


7 Types 1 and 2Qa are natural solutions of the ontien, satisfying the — 
_ basic requirements. — In the writer’ s opinion, type 20, in general, and the Du- 
-buque truss span,’? i in particular, do not satisfy these requirements ee 
“Study of ninety-one bridges of type 1, built and proposed, lead the = 
“ believe that efficient and pleasing structures result from this type, in which 
the stiffening ‘system of the shallow girder can be either a compression or a: 


19 Construction Methods, March, 1943, photograph on p. 
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tension | chord, Figs. L0(a) and 100). Such may be curved, 


or triangular in elev and need not e axtend from | to 


assures, also, the ‘buckling stability of in the 
Their stability in the vertical plane is governed by the spacing of the sus-— 
‘penders. Tension chords need not be braced. As a result of the loads acting 
on the girder, and and of of the we weight of the chords themselves, ouch chee chords transmit 


2 
4 
metrical about center line —~ 
on 
On 


8 
me 
52 
~ 
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13 @ 26tt6in, 


> 

nN 


4 


Center of gravity 


4 @ 86 ft 5.25 in, -345 ft 9in, 


4@ 8695.25 10 @ 84ft6.2in. 845 ft 2in. 
— 
VAS 


SIS 
22 38 ft 5in. = 845 ft 2in. 


LEVATIONS OF Various Types or TRUssuS 


ecrease the deflections of the long span to satisfactory A variety 


of f combinations of girder : and chord properties are possible in which the mag- 
oni itude of the horizontal forces can be regulated primarily by the geometry of — 


\Type 2a (Fig. 10(c)) may have co constant: depth; it ma have the greatest 
der pth at midbridge, or over the intermediate supports. © In the latter case the — 
% truss can be s shaped so that, except for the two portals over the intermediate - 
piers, no other visible is necessary. Examples of all these forms exist. 


=e 
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‘The forms of ty pe 2 2b (Fi ig. ; 10(d)) may vary between two extremes: The 


truss may be shallow and of nearly constant depth (except i in the panels ad-_ 
_ jacent to the intermediate piers, where it is extended down below the floor to” 
join the deck side spans), or it may be deep a and an n entirely through : span, Ww with 


greatly varying depth. © The Dubuque truss span represents the latter ex- - 
treme, in both truss configuration and bracing arrangement. Arching of the 


center span truss in this case directs attention 120 ft above the ro: oadway to a 
confusion of main members and bracing members, m many times a as deep. as the | 
floor, and | raises the center of gravity from 25 ft above the bottom of the steel 


at piers 18 and 19, to more than 60 ft at midspan, thus 1s decreasing the s stability ; 


of the structure. ~The n normal and vibratory effects of wind, impact, and pos- 

os sible earthquake forces will beg greater in this bridge (since the center of gravity 
is high above the floor) than in bridges of types 1 and 2a. The centers of 

a ravity | of the latter bridges (see Fig. 10) are low and their areas exposed to. 
wind are smaller and closer to the roadway level. — In the Dubuque truss spz in 
large structural a areas, high above the floor, receive considerable wind loading, : 
that is s directed ¢ down to the supports b by a multitude of crisscrossing braces. 
In driving across this bridge, an engineer , comparing ‘the effect of the v view of 
this bracing with that of the lack of the truss diagonals i in the ce nter 
will not a agree to the observation i in the ‘ e “Synopsis” . ’ that: OS 


‘three- -span continuous structure presents a a pleasing 


- appearance, affords to traffic a view unobstructed by diagonal truss mem-— 


bers across the 845-ft main channel span, * * * 


at 


‘Unlike subdiagonals and an almost solid aspect of braces, main diagonals 
are not objectionable. _ They ean be avoided economically, however, by the © 


use of stiffened plate sections and welded details. 7 Figs. 10(a) and 10(b) show | 


stich, layouts. Fig. 10(c) shows a layout in which an unobstructed view is 


provided for five cars in a row (the authors providing only for tw 0) by a con- : 


tinuous. triangular system composed of a a few, large, box shaped, stiffened 


plate members. The bottom chord ‘isa’ box girder | 8.5 ft deep. The relative 
depth of the top and bottom chords emphasizes the roadw ay and thus expresses" 
the purpose of the structure. The properties of the bottom chord assure great — 
savings in floor metal, handrails, and gussets ; simple bracing, few joints, and — 
reduced dead load contribute to the economy - of this bridge—it contains 860 
tons less metal than the bridge as built. This design demonstrates that the 
aire of the: members i in a truss is less important than their number in 


“Adequate traffic capacity ‘constitutes basic requirement. for the width 
ofa bridge. authors, however, discuss additional considerations. Under 
the ‘Through T Truss Continuous: Unit,” they 


~% saving of floor beam metal would have wate from a closer spacing ng of 

trusses, with sidewalk outside; but truss loadings would have so differed 

that the trusses would not have been identical and duplication of fabrication — 

- would have been sacrificed. Also, closer truss spacing would have reduced 
_ What was de arch as a desirable width- length ratio for lateral stability.” 


onstruction Methods, Mar 1943, photograph 
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BALOG ON DUBUQUE BRIDGE Di 
narrower bridge n may contain considerably less metal than that saved in 
i beams alone, and the sacrifice of duplicate fabrication of the trusses by a 
sidewalk outside can be minimized by proper design to a negl: igible | amount. 
The statement that lateral stability required the width used is ‘not borne out 
_by (a) the behavior of existing bri bridges, and (b) the progressive 
(a) Lateral stability of a truss bridge is governed mainly by its eden 7 
‘stiffness and the height of its center of gravity at midspan. The torsional 
; loadings on the Dubuque truss span are much smaller than, for instance, , those 
_ on the Mississippi River bridges at Memphis, Tenn. (1913), New Orleans, La. 
(1935), ‘and Baton Rouge, L a. (1940), which carry railway loads dine, cad 
highway loads outside, their trusses. The span lengths of these latter bridges 


are comparable or lar ger, and their unbalanced highway loads alone equal the 
total live load of the Dubuque truss: span, in addition to which two of them carry 
an unbalanced railway loading. _ The twisting moment per linear foot acting 
on the Baton Rouge bridge is more than three times as large as that acting on — 
_ the Dubuque truss span, yet a 3-ft-smaller width was found to be satisfactory — 

at Baton Rouge despite its greater span length . Furthermore, , a large number | 
~ of truss bridges having width- length ratios up to 40% smaller than the width- 


7 * 4 length Tatio of the Dubuque > truss s span | proved themselves laterally stable for 


years in service. _ Examples are: Colorado River Bridge, Topock, Ariz. 
(1890), span 990 ft; Little Colorado” Bridge, United States 
Highway No. 69 (1912), ‘span 660 ft; _ Carquinez Straits Bridge, California — 
(1927), span 1,100 ft; Cooper River Bridge, ‘Charleston, ‘S.C. (1929), span 
q 050 ft; and Columbia River Bridge, Longview, Ore. | (1930), span 1,200 ft. 


(6) Studies leading to the construction of bridges with triangular cross 
oie (like the double-track railroad Ruhr River bridge at Diiren, Germany 
om. and to the construction of ' three-plane plate girder bridges haved those 


“based on facts i in place of rule-of-thumb width- length ratios. > These 


developments were followed by framing bridges of rectangular cross section for 


“space action (since 1918 applied in reinforceing e existing bridges) and by de- 
— ‘signing | middle ‘support bridges in an inverted T-arrangement. In the latter 
- types a single truss or arch rib or cable is combined with the floor to produce | 

= efficient bridge structure. The purposeful utilization of the torsional charac- 


teristics wh various ‘strippec the concept of the width- ratio 


ha. 


| and the ‘dynamic stability of the bridge. 
Floor System- —The floor steel in the Dubuque truss span (curbs, cross 


beams , stringers, and floor | beams) weighs 850 tons, which is equal to the 

; — metal content of the trusses and the floor system of the Davenport suspension 
bridge. authors state (under the heading, ‘Design Loads; Live Load”): 

7 =e. The floor system was designed | for an ‘H-20 loading on 9-ft lanes in 
accordance with the 1935 AASHO [American Association of State Highway 
Officials ] specifications.” _ They state further the + “Design 
Procedure: Floor System’ that: 


> 
| 
| 
— 
| 
| 
| 


Stringers were designed as simple beams spanning between floor beams with 
maximum load reactions transmitted by the crossbeams, * * *.” | 


designed as continuous beams over the stringer supports, are 

. 12-in. | at 31.8 lb in intermediate panels and 12-in. I at 40.8 Tb i in end panels. 
|The 11 1935 A ASHO specifications require that the load on the ‘stringers “* * es 


‘shall be the 1 reaction of the truck w heels, ties the ‘flooring to act as a 

simple beam between stringers.” 


Influence lines of load distribution on are presented it in Fig. 
Evaluation of these curves for H-20 (1935) and H-20 (1941) loadings i in Table 


7 show that the AASHO specifications (curves ‘Fig. 11) givea load distribu- 


ABLE 7 F DesigN WHEEL Loaps FOR 
— — 10.25 ft— —10. 
1S ft 
Cc ‘Toran 
Bergendoff and Sorkin...... 1.295 2.659 (1.439 5.386 5.459 
AASHO; H-20 (1941)....... 2 1.439 | 4806 | .... 
4 Balog; H-20 (1935)......... 1 j 5.172 8.195 
Balog: H-20 (1941)......... 1.552 | 1.59% 1.675 4.805 | 4.845 
| 539 (1.56 1.62: 1.651 | 4.788 4.812 
Corresponds of the Association of State Highway Officials (AASHO) for the 
‘ position of loads. © Corresponds to the position of loads giving maximum influence value. ¢ Calculated 
ge - by the writer by the use of ‘‘A Distribution Procedure for the Analysis of Slabs Continuous Over Flexible 
tions Beams,” by Nathan M. Newmark, Bulletin No. 304, Eng. Experiment Station, .: of Illinois, Urbana, 
‘h 7 Ill, 1938; and ‘‘Moments in J- Beam Bridges,’’ by Nathan M. Newmark and C. P. Siess, Bulletin No. asia 
nese Eng. Experiment Station, Univ. of Illinois, Urbana, IIl., 1942. —_s sad ~~ 
n for 
attr tion that j is closer to the: actual than are { the continuous beam 1 reactions, which ; 
a the: authors state were used in the design. . _ The load distribution on the stringers 
i and the stresses in the crossbeams are correlative. G Consequently the authors’ 
arac- 
design ‘stresses for the crossbeams ¢ also differ. from the actual str esses. 
rae - stringers deflect under the loads; hence, the load distribution and the stress 
eee values used by the authors cannot oceur. Table 7 7 indicates that 1941 AASHO 
give the correct load on these three s stringers, 8, although they fail 
to give the correct distribution | between them. . Apart from the extensive 
~ Oe foreign. language literature on the solution of this floor problem, studies on 
oie this subject were published in the United States in 19382 t and i in June, 1942. va 
ad”): _ Floor arrangements shown in Table 8 for the Dubuque truss span contain 
mit in from 76 tons to 113 tons, and from 143 tons to 179 tons, less carbon steel or 
shw 41*‘A Distribution Procedure for the Analysis of Slabs Continuous Over Flexible Beams,’’ by Nathan ’ 
> ge = Newmark, Bulletin No. 304, Eng. Experiment Station, Univ. of Illinois, Urbana, IIL, 1938. joe ew > 


“Moments in I-Beam Bridges,’’ by Nathan M. Newmark and C. P. Siess, Bulletin No. 336, in. S 
Experiment Station, Univ. of Illinois, Urbana, IIl., 1942. vey 
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Fig. 11.—Inruuence Lines oF Lo. AD DISTRIBUTION ON STRINGER 


One, (One, 33WF125 
One, 36WF150 || 


TABLE 8.— HT OF STRINGER METAL IN Various FLoor DEsIGNs 
THE DuBuque Truss Span (FLooR Beam Spacine, (38.42 Fr) | 
‘ing Total Section Wt.2 Section 


One, 30WF116_ } | 575 
12131.8at4.8ft| | 


12 1 40.8 at 4.8 ft 


Three, 33WF125 -|(Three, 30WF108 


©) Balog. . 456 | 91 (I = 2,681 in.*) {| 456 Ke = 1,967 in.4) 
AASHO (1935)} 428 | 113 
|{ AASHO (1941)} 412 | 125 | 342 30WF108 432 Four, 27WF91" 
AASHO (1941)| 455 | 92 | | Five, 455 | Five, 24WF74 
..| 485 | 10 


Weights, in per of Silicon steel. steel. 4 The a the ore cross s frames 
at midpanel are omitted from types (c) and (d) to make the comparisons equitable with the authors’ design, 


— 
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vs 


silicon ‘steel, than the bridge : as. belt. In the layouts shown 
Figs. 10(6) and 10(c), the floor are one half and one quarter, 
spectively, of the panel length. | _ These floors contain 380 tons less metal than 
the floor as built. In 1938 the welten made an extensive comparative investiga- 
tion o! of the type of floor system used by the authors and a five str inger arrange-— 


ment. . The actual transverse and longitudinal load distribution was considered ; 
in both th systems, and even t then @), Table 8, cost more. 


pm Laterals ua 


N\Laterals 


@ ACTUAL EFFECT AUTHORS’ DESIGN 
BRACING METHOD 


ACTUAL EFFECT VALUES OF WARPING 


Kr 1G. 12. —E — oF BRACING ON THE DISTRIBU TION OF APPLIED Loap 


Lateral ‘Sway —Bracings may be ye designed: For 
all, types of loads acting on the bridge; for carrying loads” acting 
their lanes only, In the latter case the bracing is assumed to be pin- 
connected to the main trusses and. the truss sections are not reduced 
account of bracing participation. Although the authors assumed this latter 

action, they provided rigid connections. The Dubuque truss span has three 
lateral sy stems—double-intersection sway at every second panel point, 
special sway frames, and double- -intersection portals, containing 600 tons of 
steel. : Ine comparison, the weight of bracing metal in the bridge (Fig. 10(c)) is 
-_ The stress condition assumed by the authors i in ‘distributing loads. acting 
on and between the m main trusses is possible only if t the floor beams were simple : 
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| 


beams. the were free from stress. Fig. 12(b) indicates the deforma- 
tion of a transverse section consistent with these ese assumptions—near the point — a 
of application of the load the chord has the gr greater stress and elongation; 
consequently, it must move outward away from the load. In 1930 and 1931, 
Rudolf K. Bernhard,* M. AS CE, reported 7,800 and 360 field measurements, 
respectively, on eight bridges, some framed like the Dubuque truss span, 
proving that: (a) Because of eccentric floor loads, transverse sections tilt in 


= 
ined direction opposite to that resulting from the authors’ assumptions; and —- 


the chord stresses tend toward equality with increasing transverse stiffness of | 


the spans (Fi “ig. (12 (a)). Furthermore, he showed that, in a truss span ey 
_ ‘telenaalien cross section, the stresses in the chords are always equal, irrespective 
of the e eccentricity of the load. In other words, an eccentric load is is equivalent 
to a centric load plus a moment. The centric load produces equal stresses in 
the trusses and the moment vetehen the section formed by the main and the 
lateral trusses. When such a rectangular section is rotated, without it any 


change in the diagonal distance between the « chords, the « chords (the « corners. 


TABLE 9 .—Errecr OF tHE Bracine ON THE DisTRIBUTION OF Loap 


= BER RGENDOFF AND p SorKIN; B = = Balo g) 


P = Low Truss A; Fra. 12 


0.5P 


Section 6 in | Reaction Ra Rpg "Reaction Main Trusses Laterals 


feet” 


433 1 0.770 193 

29 1 0.700 Oo | 0.209 100 | 40 

(0.795, |. 0 0.171 | 100 59 
29 : 0.734 | O | 0 0.185 | 100 | 47 
35 0.644 | O | 0 0.096 | 100 | 29 


rr centric load and the m moment g give the: true stresses in nthe system. 7 There- 


- the distribution — and laters al loads depends on the w arping: 


— 


x carry 46% an al 1% of the by : a load pa one truss 

at panel points 4 and 20, respectively. 7. Therefore, the effe effect of the bracing is 
greater in the more flexible, longer | span. . Table 9 also contains distribution 
_ values for a strut frame and for a width 6 ft smaller than the 35 ft used. Led 


& narrower bridge, bracings of the same type effect a more even distribution of 


%Uber den Einfluss der senkrecht wirkenden Verkehrsbelastung auf die waagerechten Verbiinde 
 eiserner Balkenbriicken,”’ by W. Bergfelder, Technische Hochschule, Aachen, 1928. 


die Verwindungssteifigkeit von zweigleisigen by Rudolf Be 
hard, Der Stahlbau, Vol. 3, 1930, pp. 85-92, and Vol. 4, 1931, pp. 241-244. | 


— 

| 

| 

| 

- i of the section) will remain free from stress and the sides of the section (web . ; 

tl 

‘ 

— in Lable the load distributions in the Dubuque truss span, as determined 

4 


an eccentric load; sania acs larger stresses are created in the bracing. 
‘The : authors’ method of design resulting in the same load distribution for any - 
span n length, width, and type of bracing yields results that differ considerably 
from those derived from measurements on actual bridges and shown the 
writer in Table 9. In 1944, Louis E. Vandegrift reported measurements on 
the three-span, -eontinuous tru uss, Scioto River bridge east of Chillicothe, Ohio 
(1939), which further confirm the writer’s opinion concerning the action of the © 
bracing. - This structure has a 24-ft roadway between | the trusses and a 5- ft 
sidewalk outside the south truss. Both trusses were found to oscillate at 
practically the sa same frequency despite the additional ‘sidewalk mass outside 
so south truss.  Measurements?® ‘made on the Illinois River bridges at Hen- 
nepin and Lacon in Illinois (1940) indicated that the change in reactions re- 
sulting from warping the spans is more than ten times as much as that caused — 
by raising or lowering the trusses by thes same amount, proving also the effective eo 
action of the bracing. 
Heinrich. Miiller-Breslau?? demonstrated in n 1904 that the : stresses in 
‘system composed of the main and lateral trusses of an arch differ greatly from 
the stresses obtained in the plain three-span truss assumed by 1 the authors i in 
this design. — The tied arch truss bridge was s the standard type of structure | in 
—Ucve Europe between 1880 and 1920 for both railway and highway bridges 
_ longer than 240 ft, and a wealth of experience was accumulated concerning its 
bracing requirements. The clear, clean, and efficient bracing systems s of the 
double-track railroad bridges over the Rhine River in Germany at Riidesheim 
(1913), , Engers | (1915), and Remagen (1916), with arched s spans of 566 ft, 617 ft, 
and 512 ft, respectively, bear testimony to this fact. None of these bridges had 
- lateral bracing at the lower arch chord, nor any conspicous- sway bracing, 
despite the fact that. they were ‘designed for larger wind loads and for a cen- 
- and eccentric live load seven times that of the Dubuque truss span. A 
single strut type of portal was found to be sufficient for rigidity and stress 
Freya and model studies made for the 1,675- ft Kill van Kull (Bayonne) 
arch,” connecting Bayonne, N. J. , with Port Richmond, Staten Island, N. Y. 
(1931), disclosed that the sway bracing between the lateral systems at the upper 
and lower arch chords at every panel point throughout the span reduced the 
downward deflection of the truss loaded at the quarter point to 60%. -. - When 
the sways in the 1,240-ft through section of the span were omitted, the deflec- 
7 _ tion of the loaded truss was reduced to 55%, - Therefore, the transverse bracing 
~ only i in the 206-ft end deck sections of this 1,675- ft s span was found to be suffi- 
cient to distribute the stresses, and to equalize the deflections, between the 
two arch ribs in all cases of unsymmetrical loading throughout the span. 
= model (1:192) also ascertained the true action of the portals; thus all 


_ %*'Vibration Studies of Continuous een Bridges,’’ by Louis Edmond Vandegrift, Bulletin No. 119, 
Experiment Station, Ohio State Univ., Columbus, Ohio, July, 1944. 
26 *‘Adjustment of Continuous Bridge Affected by Warping,” by L. T. Wyly, Fullenwider, and 
B. Murphy, Engineering News-Record, Vol. 125, 1940, p. 280. rity 
2“*Beitriige zur Theorie der Windverstrebungen,”’ by Heinrich Zeitschrift fir 
54, 1904, p. 115, and Vol. 55, 1905, p. 133. 
-_ 28*The Design, Materials and Erection of the Kill van Kull a Arch,” by Leon 8S. Moisseiff, 
of the the Franklin Institute, ‘Vol. Vol. 213, pp. 465-502. 
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unnecessary bracing was eliminated, and, consequently, the dead load was 
reduced, saving ¢ 600 tons of steel and i improving the appearance ‘of the bridge. 


‘This bridge was designed | for a live load of 7,000 lb per ft, a horizontal transverse - ; 


wind load of 2,000 lb per ft, anda temperature variation of +55° F. 
The stability | conditions of the lower arch chord of the Bayonne arch and 
‘those of the Dubuque truss span are considerably different. In the former the 
lowe er arch chord carries practically all the dead load and is always highly 
stressed i in compression ; in the latter the crown section, 20% of the length of the 7 
‘span, is s alw ays in tension and, i in the adjacent 20% lengths of the s span, —_ 
pression is low. These facts, in conjunction with the foregoing examples, 
both for the true action of the bracing and for the ‘efficient bracing arrange-— 
ments of actual large bridges, ‘support the writer’s 1 view that the bracing of 
‘the Dubuque truss span is inconsistent with both, and with newer trends in 
hed 
bridge design. The broad, rigid, hangers seem not to be i in keeping with the 
authors’ emphasis on an unobstructed view to traffic, and they are inconsistent 
with the use of two lateral systems is and sways f for t connecting the curved chords, x 
because these rigid hangers carry bending and torsional stresses without 
benefiting | the structure; wire Topes or high- strength round bars ‘might well 
_ have been substituted. 


Erection Procedure. nder the heading, “Conclusions,” the authors state: 


ant advantage of the continuous tied as 


compared to the conventional truss types is the economy of metal, due 
to a more advantageous distribution of the weight for cantilever erection.’ 


Balanced against such economy, in the writer’s opinion, is the fact that 345, 


tons of “excess ‘metal was “required to meet the of. 
erection. _ This w eight constitutes 13. 5% 0 of the steel in the trusses — and i is 
“equivalent to an increase in dead load to one third of the design live load. 
Erection considerations, being subject also to many unforseen circumstances, 
‘should not. ‘govern the design 1. The designer should rather concentrate his 
best efforts on the 1e problem « of meeting the veendoumaain of the finished structure _ 
most , economically, leaving the erector the responsibility for getting the bridge — 
into place. If any change in the structure is required, that is subject to his 


= Summary —The writer. believes that ‘the river crossing at Dubuque could 


have been designed and erected by the use of considerably less metal than was 
=== used. The savings would be in | floor steel, bracing members, excess 
- steel used f for erection, and increase i In 1 truss sections to support extra dead 


loads and wind loads that would have been avoided i in other types of structures. 
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EFFECTS OF ANAEROBIC DIGESTION 


ON SEWAGE SLUDGE 


‘Discussior 


ABBOTT, AND ROBERT E. LEAVER 


7 


_W. E. The reduction in volatile solids through | dig restion for 

- days is of the order of 50% (Tables 5and 6). Therefore, the proposed discharge 

of digested sludge will decrease the volatile suspended mattet reduction result 
ing from primary sedimentation by one half—that is, if primary sedimentation 

removes 70% of the suspended 1 mi itter, the effluent with the di; gested sludge 
will contain 100% minus 35%, or 65% of the initial volatile suspended matter. 
instead of (30%. In other words, volatile suspended matter of the settled sew- 
age is more than doubled theongh the & addition of the digested ‘sludge. The 
proposed addition of sludge in effect cuts the efficiency of the sedimentation — 
tanks by rather more than half. 7 Surely this is the truest measure of perform- 
ance of the suggested sequence of operations 7 

_ The writer is reluctant: to apply the 5-day B. B.O.D. (biochemical oxygen 
ae test to sludges of a any type; least of all to digested sludge with count-_ 
: less numbers of anaerobic organisms. bo he B.O.D. results in the paper spear 
to be a commentary on the futility of measuring | dissolved oxygen changes in 


diluted sludges | rather than evidence that the « oxygen balance of a stream - will 


Rosert E. Leaver,! Assoc. M. ASCE. —Several problems involving the 

disposal of sludge by the method advocated i in this paper are of interest. to the 
ead Washington State Department of Health and the Pollution Control Commission 7 


the State of One is at Portland, across: ‘the 


to accomplish an ‘apparent saving, ae sludge, digested for varying heathen’ 

of time, to be returned to ‘Digested sludge properly utilized isa 
_ valuable natural resource and it seems inexcusable to waste it to the degradation 

of streams. It is becoming common practice to utilize sludge in the liquid 


Nore. —This paper by A M Rawn and E. J. Candel was published in November, 1948, a : 

® Chemist, Nottingham Sewage Disposal Dept., Nottingham, England. “eee Ao 

10 " Senior Public Health ete Washington State Dept. of Health, Seattle, Wash. © 
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EAVER ON ANAEROBIC DIGESTION Discussions 
_ ‘state, te, thereby reducing the need for sludge beds. In the State of W ashington, 
the use of liquid sludge under a to fertilize beneath the surface of the 
ground i in orchards, . hop fields, etc., is is gaining much fa favor. It is granted that 
considerable effort will be required i in certain localities to develop a market for 
sludge. However, where this effort has been made the economic returns have ; 


paper by Moers, Rawn snd Osndel opens 


The p paper Messrs. Raw n and opens ord one 


"The organic matter B.O.D. in the primary effluent, 
‘general, a remain in suspension - and will be further er digested by natural 
aerobic conditions whereas, for the most part, the partly digested sludge will 
settle to the bottom of the stream and go through benthal digestion, which 
often re requires years. This sludge can n accumulate to the ex extent that dissolved 
“oxygen could be affected adversely. _ It w would a appear from this characteristic 
that: the B.O.D. “picture” on sludge must. be interpreted from an entirely — 


different standpoint than is normally considered r reasonable in connection with 
‘the 5-day (20°C) B.O.D. 
AS Messrs. Rawn and Candel state, their method of 1 running B.O. D. 
analyses on sludge “is neither true nor reliable. ” WwW hen dealing with sludge, 
the: high initial demand and lag combine to obscure the normal monomolecu ier 


“reaction which characterizes aB.0.D. test. 


“4 


‘which are accessible can cause the nuisance if are com- 


posed of sewage sludge. In fact, the writer does not know of any streams in 
the State of W ashington where sludge beds will not form. “Tr 

: _ The effectiveness of the chlorination of digested sludge requires additional 


study since it is well known that solids give bacteria protection against chlorina- 
‘tn: and that chlorine residuals are not the. complete answer. 

‘Thei increase of settleable solids in. the primary effluent by 1. 1.5 ml per liter 
by the return of digested sludge does not appear too important to the casual 
reader, but as a result at least 50.4% of the total solids that were removed to the 

Rani are again returned. — Certainly this amount is not t insignificant. noun 


_ The senctionl ‘difficulties in preventing. some of the scum from being carried 


7 out with the digested sludge and the 21% to 31% theoretical grease. content 
increase make the — of expected conditions, in a particular « 
| This | paper certainly ee stimulated considerable thought on the subject of 
anaerobic. ‘digestion ‘and has shown sanitary engineers in the State of Wash- 


ington that additional studies are desirable. b The Civil Engineering Depart- 
‘ment ¢ of the University of of Washington at | at Seattle has agreed to conduct ce certain 
7 research to try ‘to answer some of the questions that have been advanced in 


this discussion, 


11**The Natural Purification of River Muds and Pollutional Sediments,”’ by Gordon M. Fair, Edward © 
Ne ei so = Ibs 1208 Thomas, Jr., Sewage Works Journal, March, 1941, p. 270, July, 1941, p. 756, and 
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— solids are not yet removed by treatr q 

“an, rm where the settleable solids are yet removed by treatment. 
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-VALUATIO N AND ‘DEPRECIATION OF OF PUBLIC 
UTILITY PROPERTY 


Discussion. 


By MAURICE R. SCHARFF 


Maurice R. ‘Scnarrr,* ASCE. —Messrs. Kappeyne, iunn, Lippitt, 


Marston, and Learned all emphasize the difficulties and uncer teintics — 


preciation, ‘such as the has addition, Dean ‘Wastes 
points to the contribution to such uncertainty of ““* * ' * the conflicting testi- 
mony of exper ts, paid by opposing par ties in court anon : 


The writer fully « agrees that t there are difficulties and uncertainties involv ed 


in the procedure which he suggested. He believes, however, that three | com- , 
ments should be made regarding the quoted part of the discussions. 
In the first Place, if “Each such party can be sure that it can hire a battery 
of ‘experts’ to support its particular contentions” ’ the professions of engineering 
and economics have failed to secure acceptance | of professional standards of 
= on 7 conduct by ‘ ‘experts’ ’ from their ranks; or to secure recognition by industry © 

, and finance of the value of genuinely peenennenss opinion as distinguished from > 
readiness to support particular contentions. In either case it can never 
hoped that a any method of proof of value \ within the framework of the American 
‘economic system can ever be established, and the system itself will eventually — 
be impaired by the persistence of ‘ experts,” i1 industrialists, and financiers in 


ried these practices. Discussions of methods of valuation a are Ww worthwhile only 

om in terms of professional competence and conduct, and belief i in the ability of a 

democratic capitalistic society to work out and accept sound conclusions. 

+ of ms In the second place, difficulty and uncertainty in establishing a sound con- F 
clusion are not sufficient grounds for its rejection. and for acceptance of a con- 

i _ clusion that is unsound. _ Mr. Lippitt has made a helpful contribution i in calling 


| = Service Sanieies pa in New York on these difficulties ond uncer- | 


Nore. —This paper by Maurice R. Scharff was published i in June, 1948, , Procesdings. ~ Discussion n on 
this paper has appeared in Proceedings, as follows: October, 1948, by ¥. Kappeyne; November, 1948, by 
W. V. Burnell; December, 1948, by Donald Gunn, Henry F. Lippitt, II, and Albert P. Learned; and — 
February, 1949, by Anson Marston, and James P. McKean. 
Cons. Engr., New York, N.Y. 
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SCHARFF ON DEPRECIATION 
tainties, and to certain legal opinions which he cites as oe to ceca of the ; 
writer’s proposa al. N vevertheless, it has has been the writer’s attempt suggest 
that the regulatory commissions and courts have fled from these uncertainties 


and difficulties to unsound procedures of valua ation and rate making, and the | 


emphasis on the obstacles referred to is not a conclusive e answ er to the w riter 5 
contention that his proposal | accords with sound engineering economic concepts ts. 
_: In the third place, it is the writer’s belief that the difficulties and uncer- 
_ tainties referred to, great as they : are, and great as they have alwe ays been in 
with all valuation procedures, are, nevertheless, exaggerated. Tt. 
has been the experience of the writer that substantial agreement | between 
qualified e engineers, who adhere to professional standards, is not too difficult 
tor reach on what constitutes s modern efficient: design and the cost factors that 
correspond with it. . The real requirement is for clarification of the principles 
under which these engineering-economic factors are to be applied. ae 
_ Messrs. | K: uppeyne, Gunn, and Lippitt also indicate that the writer has not 
succeeded in clarify’ ing the distinction he sought to emphasize—betwe een Vv: ralua-— 


tion rate. on the one hand, and cost and ‘accounting ¢ on the 


could be restor these two groups of he only 


4 suggestion as to any continued : relation betw een them was for the use of pro- 

-_- portionate loss in value as a measure of depreciation reserve ‘requirement in 
accounting (as. a a substitute for for the more conventional straight-l -line or compound 
interest reserve requirement standar d) in the undesirable case that the regula- | 
tory” commissions continue to insist that depreciation reserves “represent 
, “approximately the amount of depreciation actually existing in the property.” | 


Mr. ‘K: appeyn ne argues that inve estors who fur nish the capital required for | 


- NOt only are entitled to the protection of their investment, but. 


7 at are entitled to the opportunity of earning a return thereon that ‘they. 7 


had good reason to expect at the time the investment was made. Ze 


[r McKean quotes from the interesting article of Everett C. ‘McKeage 
to somewhat the same effect. — _ These ‘arguments (which are:commonly ad- 
vanced i in support 0 of the prudent investment or original cost less accrued depre- 
ciation theory of rate ms making) seem to ‘the writer to be based on the erroneous 


as 
di 


sumption that the property right in public utility property is substantially 

different from that in other private property. = ter 
Ina dissenting opinion, the late Mr. Justice Louis D. Brandeis, joined by 
‘the late Mr. Justice Harlan F. Stone, in New State Ice — versus Lieb- 
5 US 262) stat stated that: 


‘mann (28 28 


“The notion of a distinct. nei of on ‘affected witl with a ‘a public 
interest,’ employing property ‘devoted to a public use’ rests upon historical 
error. ee * In my opinion, the true principle is that the state’s power ex- 
tends to every regulation of the business reasonably acquired and appro- 


ate f a 


i 
= 
— ‘ 
> | 
7 
= 
— 


(Ue 


This seems the weiter to doctrine. . The real ques- 


tion, therefore, is whether the scope | and the character of the regulation ap- } 
plied are reasonably required and appropriate for the public protection; 1; and it 
is the writer’s contention that this criterion is met within the framework of a 


system when the of the value of the 


guar nie of the right to recover their investments, 
prudent at the time they were made, or to continue to earn a return on such 


investments less some accounting 1 reserve for depreciation, after some -— 


cost 0! of service or ‘limits the market for sales because of the ‘competition of 
‘iples | alternative services, are deluding themselves. s. A substantial decrease in the 
cost of generating electric energy, for example, such as might conceivably result 
from. developments i in the field of atomic power, would inevitably be follow ed, 
in the opinion of the writer, by a reduetion j in : the earning power ‘and value. of 
n the 
Canal investments in steam boiler plants— and, if the scientists succeed in converting ~ 
plete 
nar nuclear | energy to electric energy without t the intervention of the heat cycle, 
nly 
: Aig the effect might readily extend to turbo generator plants as W vell. The effect. 


st of the competition of alternative services on the earning capacity and value of 


street railw ay properties, and to a lesser extent on the earning capacity and. 
a value of manufactured gas properties, is also too well known to require further — 


co m mment. _ 


a | The same error, as w ell as failure to appreciate the distinction (which the 
rty. Th ppr 
writer attempted to make betw een valuation and accounting, as previously. 
rT referred to), is involved in Mr. | Lippitt’ s discussion of the correlation of annual 
and accrued depreciation. i, as the writer contends, rate making is a species | 


of economic price fixing unrelated to accounting, and if we ge is a con- 


the entire concept that annual and accrued are “contributed | by 


Mr. Burnell, although expressing general agreement with tl the paper, raises 

one question which the writer is not sure he fully understands . To exemplify : 

his question, ‘Mr. Burnell selects the item of coke ovens, with a service value of of 7 
31, 165 800, and a \ future ¢ capitalisation period of 25 years. _ Then b he states _ 


25-year if 's of remaining life are 
also be $1,165,800." 


The writer does not understand why such a relation is implied. In his is opinion, 7 
the only implication i is that the annual depreciation | on the $1, 165,800, com- ‘ 
pounded for the future. capitalization period of 25 : years, must equal the same 
‘amount. facts as to this relation are, that sinking fund pa nyment 


factor for 25 years is 0. 0182267, whie -h, applied to the servic e vi alue o of $1,165,800, f 
gives an annual sum of $21,248.70. _ ‘The present-\ worth factor for : an annuity 
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of one per year for 25 years is 54 is 54.8645 and when this i: is s multiplied by $21, 248. 70 
gives $1,165 800.0 


<aniitien for service indefinitely by adequate maintenance and replacement 


of parts, and that the only difference between the value of a | new property ar and 
an old one is the capitalized the difference in cost main- 
‘propel, in the absence of in arts, wha no in- 
crease of unless unit operating and maintenance costs 


present worth of an annual advantage from the use of a capital for a 
future capitalization period; and that the future ‘capitalization period of an 
a old capital good w hich enters into such implicit or explicit present-worth esti- 
“mate is less than the future capitalization period of a new capital good. = 
J ‘Mr. Gunn suggests that he would never recommend a capital expenditure 
on the basis of a capitalization period, ranging up as far as 80 years, and that 


for such purposes periods « of more than 20 or 30 years. would be unrealistic. 
‘The writer agrees with him that the evaluation of depreciation during the use- 


ful life of property must be governed by the same principles that justified its : 
instalment and by which its replacement | or abandonment will be dictated; 
but he ventures to doubt Gunn really to ‘suggest: that 


Mr. Gunn also. suggests the separate treatment, of due to 


_ physical causes” and that due to economic causes. . This i isa point of view to 
Ww hich the writer adhered in 1939 when he contributed his paper on “Deprecia- 
‘tion and Obsolescence. “- He has subsequently come to recognize more clearly. 7 
that value of se service, and value and depreciation of of ‘property, are indivisible 
‘economic concepts, and that the effort to measure, separately, depreciation due | 

‘to physical deterioration (or to take it into account, in connection with ob- 7 
solescence, by ‘ ‘observation,” as Mr. Le earned sugg rests) j is futile. ae 

- Dean Marston suggests that the correct. application of the essential p prin- | 
ciple of of Smyth v versus / — is that values are det determined by judgments ; and 

that: 


“Byery fa factor which 1 se affect such judgments must be considered and | 


— 


these factors given their ‘just and right’ w eights i in each case—as determined 
by: sound ‘judgment, not formula.” 


Het then —_ on to suggest that the | present trend i is” * 

; Ss dad te. give more and more weight to fully itemized property in- 
- ventories showing the actual original costs of the individual items of the = 
actually existing properties; and to only such overhead percentages of cost 
as have been actually incurred in the past; but not excluding such substi- 
_ tution of present prices (and the resulting cost values of individual items) 


etn ASCE, Vol. 104, 1939, pp. 1127- 1138. 
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as sound, conservative judgment de deems certa: ain to prevail fora consider able | 


future period.” 
_ This of the ver sus Ames pee makes the deter 


that it has led to Indeed, he would go further 

argue that it was the failure of the engineering and economic professions | to 
develop a sounder application of the Smyth versus Ames decision that led to 
the extreme _ development of the subjective approach which reached its climax 
in the case in Wi isconsin of the City of Two Rivers versus the Commonw ealth 
Telephone Company. 8 In that case the Wisconsin Public Service Commission 


carried the subjective approach to its logical conclusion and stated: 

as ies after careful consideration, we have concluded that reasonable ~ 

4 rates are not properly arrived at merely by means of a formula whereby a 


percentage figure (which is deemed ‘a reasonable rate of return’) is applied 


to another figure which is termed a rate base. 
‘and the stated further: 


stic. “The rates are ‘eatimated ond ‘intended to afford 


use- approximately an annual net profit of a determined number of dollars 
4 tte which we think it reasonable for the utility to enjoy from the operation of 

the ‘This determination was reversed by the Wisconsin Circuit Court of Dane 


County in deciding the case of the Commonw ealth Telephone Company > 
versus the Public Service Commission and the reversal was affirmed by ~ 
Supreme Court of W isconsin®§ o on the ground that its inherent fallacy appeared 
> in the statement just quoted, and that there was no way for either the Com-— 
w to. - mission or a reviewing court, or a utility, or the ‘public, to determine whether 
ecia the profit which the Commission thought proper was actually proper unless the 7 
made specific findings of the ‘‘relevant facts and circumstances.’ 
sible — “Tt w was not the intention of the legislature,’ ” the Supreme Court of Wisconsin — 
"stated, “to bestow such arbitrary powers upon the Commission, and nothing in 
the statutes can be so construed. 
The writer called attention, at the conclusion of his paper, toa ‘decision of 
the United States District Court for 1 the Eastern District of New York i ina 


prin- 


and > condemnation case, holding that a procedure substantially identical with that 
proposed in the paper “would seem to provide a fair standard of value for | 
cal present purposes” (65 Federal Supplement 333 and 7: 71 Federal Supplement 248). 7 
ined Consequently, he feels that he should ‘report the si subsequent development to 


. and 532 Acres of Land). _ The decision of the District Court was appealed to 
= the United States Court of Appeals for the Second Circuit and in May, 1948, 
1 the Circuit Court handed down its decision, reversing the District Court and 
remanding the case for further hearing | (168 Federal 2d; 391). The principal 
- for reversal were: First, that, in its acceptance of the ‘ witinnition of the 


date in that proceeding (United States of America Versus 25.4 Acres s of Land 


_--«'& Public Utilities Reports, New Series, Vol. 70, 1947, p. 5. ne 


% Public Utilities Reports, New Series, Vol. 71, 1948, p. 65. 
55 Ibid., Vol. 73, 1948, p. 97. 
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S$CHARFF ON DEPRECIATION | Discussions 


‘defendants’ expert, accompanied as they w vere by an accumulation of i impresion 


theory i in what is considered the s strong tradition of American ‘judicial valua- 
tion,” the District Court “got itself into the position of assuming a loss before 


pores was proven and of measuring it by the extent of curtailment of the facili- 

ties”; : and, second, that the trial court declined to consider evidence as to 

increased | sales of electricity and gas to the government after the date of the 

‘condemnation. The Circuit Court concluded that: 

the value at the time a taking must be. developed, in default 

of a sale price, largely from a consideration of past earnings and such show-_ q 
of ascan be made.” | 


Subsequently, in February, 1949, third “hearing was held i in n the United 
‘States District Court and the case was resubmitted for decision i in accordance 
with the opinion of the Circuit Court. . On April 6, 1949, just as this closing 


_ discussion was in course of preparation, the District Court handed coon a its | 
opinion, holding as follows: a 

“Since the evidence * * * is to supply that. was 
necessary to completion ofa proper record, there remains but to say that, 

while the figures previously adopted could reasonably be increased in light. 
of the testimony taken and exhibits filed at the third hearing, to yield 
to the impulse so awakened might lead to misunderstanding; accordingly 
the decision will be that the court her eby makes and states the following 


aw ards in this proceeding, to these claimants. a 
after which the identical awards made after the second hearing g before the 


“a In the course of this 0] opinion, the District Court stated: 

od 

Ss “At the second | hearing, the « expert Scharff whose qualifications were not 
impaired by anything shown in the record, and who impressed me as a 

technically informed person, expressed his opinion as to a fair measure of 
compensation to be paid for the taking of these properties and franchises. 


His testimony is somewhat discussed in the opinion which appears in 71 


Fed. Supp. 248 at 252 et seq., and consequently need not be further ex- 
pounded. It has not been overlooked that his estimates have been charac- 
terized as being accompanied by ‘an accumulation of imprecise theory.’ 
_ “That statement may not be ignored by this court, but the Government 
has not developed it for present purposes, i.e., the i imprecise tl theories have 
not been identified or discussed in any analytical sense. 
a SN or have contrasting theories been advanced by any w itness except 
“ oe, Shlichta, who thought that the useful life of these properties in their 
dual aspect was from 15 to 20 years, instead of the 40 years attributed to. 
them by Mr. Scharff. Since the court used a 20-year period because that — 
- measures what is usually called a generation, it seems, with all deference, 
' that Scharff’s opinion has indeed not been discredited. Since it was an 
_ opinion and could be nothing more, and since it was offered by one w hose 
training and experience invite respectful attention, I am aware of no reason — 
why it should not be consulted by this court in reaching a conclusion.” 


- At the close of the third hearing in the District Court, counsel | sa th 


United States stated that he would appeal again: i if an award were made, ‘80° 


“that this case may yet become something of a “cause célébre.” 
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